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In reprinting the following addresses, omissions 
are made occasionally to avoid repetition. In other 
cases, in order to bring the information up to date 
or to amplify the subject, considerable additions 
are interpolated; but these, where they occur, are 
enclosed in brackets. 
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The Characteristics and Conditions of the 
Technical Progress of the Nineteenth 

Century 

(Presidential Address at the California meeting, September, 1899) 

At this, the last meeting of our Institute for 
the last year of the century, it is appropriate that 
we should look back at the past. 

To review the century's progress in the exact 
sciences and the resulting arts, that fall within 
the scope of our labors, is beyond my ability. 
But I wish to draw your attention to some phases 
of that progress which are almost as important, 
though they be within the zone of sociology — sl 
science which touches at many points the do- 
main of applied technology. 

One of these is suggested by the library of tech- 
nical literature which this century has produced 
— ^not the least important contribution to which 
is our own Transactions, The nineteenth century 
has witnessed the beneficial spread of democracy 
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in politics. Under the impulse, to no small 
degree, of the same spirit, there has grown up a 
brotherhood of fellow-workers and a sense of 
fellow-ownership in the secrets of nature. Though 
the Patent Office has assumed such proportions 
as to have become a source of national revenue, 
and a multitude of inventors, great and small, 
are seeking through its agency to secure some 
pecuniary profit from their devices, there is even 
greater eagerness among both interested and dis- 
interested workers in the field of technology to 
publish their observations, and even their dis- 
coveries, and to give them to the world without 
remuneration. The motives influencing the great 
body of writers who, without any pay, use the 
technical journals and such media of communi- 
cation as our Transactions, in order to give to the 
brethren of their craft the results of their often 
dearly-earned experiences, are various and com- 
plicated. But, in the majority of cases, the im- 
pulse originates in the desire for reciprocity, and 
in the hope that others will tell what they know, 
in return for what we ourselves communicate, 
and that therefore we shall learn at least as much 
as we can teach. 
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The spread of this healthy desire for liberal 
intercourse is assisted by the increase of meanjs 
and opportunities for its gratification. Meetings 
such as this, for the personal interchange of 
thoughts and experiences, after a journey of/ 
4000 miles, are possible only through the aid of' 
railroads. The dissemination of our Transac-^ 
tions and of the great bulk of technical literature 
can be effected only through a government Post 
OflBce, working for the public good, and, in some 
of its departments, at improfitable rates. These 
agencies have been the product of the nineteenth 
century, and only under their stimulus and through 
their machinery could such efforts be rendered 
practicable as technical men, the world over, are 
making for the furtherance of their common pur- 
suits, interests and aims. Attribute the move- 
ment to what cause we may, I think it is fair to 
claim as one of the glories of the vanishing cen- 
tury the development of the spirit of open-minded- 
ness and fraternal helpfulness, even in such self- 
seeking pursuits as those in which we are engaged. 
I use the word ''development" advisedly; for I 
am far from admitting that progress in this direc- 
tion has reached the consummation of beneficial 
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intercommunication which the twentieth century 
will witness, and which will aid mightily in the 
further advancement of science, as well as of art. 

To-day, more than ever, technical experience 
is not only more freely discussed and disseminated 
than ever before, but the results of that experience, 
carried into actual practice, are more unreserv- 
edly than ever thrown open to technical inspec- 
tion. The proof of this we, visiting members 
in attendance at this meeting, have experienced 
at every step of our journey. There are few great 
metallurgical works in this coimtry, entrance to 
which is refused to a visitor who has any real 
right to ask for admission.* In Europe, even, 
where old conservative practices are more endur- 
ing than here, the barrier of exclusiyeness is 
being rapidly broken down. As a rule, those 
establishments whose doors are most sedulously 
closed are those least worth studying, except as 
technical anachronisms. 

Moreover, I think it may be accepted as a fact 



* This observation does not apply in full force to chemical 
manufactories, where there are supposed to be more secret 
processes worked behind-doors than in any other branch of 
technology. 
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that those branches, especially of metallurgy, 
which have made most progress, are those in 
which least secrecy and reserve have been prac- 
ticed. No art has made such marvellous strides 
as the manufacture of iron and steel. Speaking 
from my own experience, I may say that I have 
never been -refused admission to any iron- or 
steel-works on either side of the Atlantic, not 
even the works of Mr. Frederick Krupp, at Essen. 
But though iron-masters abroad may freely throw 
open their doors, our own American iron-mas- 
ters are even more liberal in communicating their 
plans and methods. Managers from England, 
smarting tmder American competition, who have 
come to this country to visit our furnaces and 
rolling-mills, with the avowed object of borrowing 
their plans, have expressed to me the greatest won- 
der and admiration at the frankness with which 
they are allowed to study the great works which 
have demoralized prices the world over. 

Not only do the iron- and steel-workers of 
every land bid their rivals enter and view the 
titanic feats, which each vies with his neighbors 
in performing: — they seem to take delight in 
telling their very secrets. Certainly no special 
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literary organ of any art contains such frank 
discussion of processes and methods as the ^' Jom*- 
nal of the Iron and Steel Institute/' which is not 
the Institute of Great Britain, as popularly sup- 
posed, but of the world. Such periodicals as the 
''Iron Age/' and other organs of the iron-industry 
in its several phases, illustrate the liberality of 
the iron men in even giving their working-plans 
to their fellow-workers. It may be inferred, 
therefore, with justice, that the progress achieved 
in iron- and steel-making, and the delightful 
candor with which iron-masters discuss their 
trials and tribulations and explain the solution 
of their difficulties, are related, not accidentally, 
but intimately, as cause and effect. 

I wish I could say the same, as unreservedly, 
for the branch of metallurgy in which I am more 
immediately interested — ^that of copper. Some 
of our largest works still close their doors against 
strangers. The only locality, however, where 
rigid secrecy is almost completely maintained is 
Swansea; and there, I imagine, we would find, 
if admitted, little to learn which was not described 
generations ago. Is it not possible that one 
reason why we are now robbing Swansea of so 
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much raw material, coming even from British 
colonies at the antipodes, is that she refuses to 
either give to, or take from, the world's supply 
of technical information? The managers of such 
progressive English works as those of the Cape 
Copper Co. and the Rio Tinto Co., where there 
are actual novelties to be studied, are willing to 
throw them open to students. 

As an example of what might be gained by in- 
terchange of experience, I may be allowed to 
draw an illustration from a branch of copper- 
metallurgy. In this country and Europe there 
is a refining process, the operation of which some, 
though not all, of those who practice it, guard 
from inquisitive eyes with timorous care. I refer 
to the electrolytic process. But I need not re- 
mind those of you who attended the recent New 
York meeting, still less those who have just visited 
the electrolytic establishments at Great Falls 
and Anaconda, that this dread of inspection does 
not possess the managers of all our great copper- 
works. It is understood that this is a branch 
of metallurgy dependent for success on the nice 
adjustment of a number of chemical and physical 
factors, and that the sixteen or eighteen works 
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which practice it on a large scale in this country 
and Europe have acquired, only after much trouble 
and serious expense, the experience which en- 
ables them to turn out copper of invariable quality 
with almost absolute certainty. After spending 
time, labor and money in overcoming the diffi- 
culties which mysteriously and unexpectedly 
turn up, the owner of a copper refinery deems 
it unbusinesslike to divulge the solution of these 
problems, and thus place his rival's works on 
equal footing with his own. But, in reality, his 
rivals have all been battling with exactly the 
same foes, and most of them have been victo- 
rious. The result, therefore, of a mistaken reti- 
cence is, that each of the works has had to ex- 
pend, in surmotmting exactly the same obsta- 
cles, six or seven times more money and energy 
than if all had been willing to exchange expe- 
riences. There is very little to choose between 
one brand of electrolytic copper and another. 
All are good; and all have been brought to the 
present high standard by separate labor and 
separate series of experiments, in separate es- 
tablishments; whereas, had there been co-opera- 
tion on points of purely technical manipulation. 
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the same results would have been attained with 
an immeasurable saving of time, mental wear 
and tear, and financial expenditure. It is diflS- 
cult for a skilful manufacturer to appreciate and 
admit this. But that a truer appreciation of the 
value of the higher principle of co-operation has 
taken possession of our copper refiners is evinced 
by the publication of such a paper as that of 
Mr. Keller, the Chemist of the Baltimore Copper 
Co., in the last volimie of the Mineral Industry, 

I have used the above instance, drawn from 
copper-metallurgy, as an illustration of the waste- 
ful effects of secrecy, and because it stands out 
in such a glaring contrast to the nobler practice 
of mutual helpfulness, which has been one of the 
most potent forces in raising all manufacturing, 
but especially that of iron and steel, to the ex- 
alted position it has attained during the latter 
half of the century with which we are regretfully 
partmg. 

As tune goes on, and a generous dissemination 
of personal knowledge, even if it be not strictly 
practical, becomes the rule and not the excep- 
tion, it will be discovered that, after all, success 
in manufacturing will depend as much on the 
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personal energy and skill with which the knowl- 
edge is applied as on the possession of the knowl- 
edge itself. 
/ Whether we will or not, secrecy, as a business 

r 

method, is becoming almost obsolete under the 
prying scrutiny of the press and the telegraph. 
The old rules of business, dependent on reserve 
and on news secured in advance of one's neigh- 
bor, have given place to new methods. The 
chronicle of the world's doings is at the disposal 
of any one for a few cents, every morning of the 
year. But a man of business genius draws from 
it conclusions very different from those of his 
less imaginative or less enterprising rival. Both 
men may possess, as stock in trade, the same 
facts, but the abler man makes successful use of 
them. His correct and far-sighted deductions 
lead him to adopt a policy and pm*sue a course 
of action as different from those of his sluggish 
competitor as if he had himself possessed special 
sources of information. 

And so it is in the practice of oiu* peculiar arts. 
The personal element determines the success of 
one man and the failure of another, though both 
start out with the same store of facts. Neverthe- 



r •- «■ . 
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less, the more facts he has, the more rapid will 
be the rise of the man of genius, while the pace 
of the other will certainly not be retarded. The 
man of genius, therefore, need not grudge the 
communications of his facts to his less progressive 
competitor, provided he learns, in exchange, what 
few facts his slower neighbor may have picked 
up by the way. 

While all must admit that the world's rapid 
advance in material well-being has been due to 
the dissemination of knowledge, and that this 
can be effected only by the breaking down of the 
barriers of secrecy, some of our brethren have 
yet to be persuaded that there are few, if any, 
limitations to be set to this imiversal law. Un- 
fortunately, many barricades, raised by mistaken 
selfishness, are still to be stormed and demolished. 
But the coming century will in this respect carry 
forward the work of the receding age, whether 
we shall see its accomplishment or not. At any 
rate, we may congratulate ourselves that socie- 
ties such as ours have aided to further so good 
a cause, not only as media of communication, 
but also as sources of influence — ^for the most con- 
firmed secret-keeper cannot benefit by the candid 
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revelations of his rival without some compunc- 
tion; and, sooner or later, reform follows re- 
pentance. It is, therefore, not presumptuous 
to hope that, as the scientific temper more and 
more permeates the habits of our technical workers, 
the old fashion of relying on secrets for success 
will be replaced by the truer method of generous 
giving and thankful receptivity. 

At present the world's acquisitions in piu*e, 
and, to a great extent, in applied science, are 
thrown into a common stock, from which the tech- 
nical worker draws what he wants without stint. 
He, in his turn, is coming to acknowledge and 
recognize the truth that it will be to his advan- 
tage to enlarge the sphere of unreserved inter- 
communication until there shall be no trade- 
secrets; for then, while society will be the gainer, 
he himself will be able to draw from a larger capi- 
tal of facts than now stands to his credit. More- 
over, it may accepted almost as a law of nature 
that the preson who has not cultivated the habit 
of mental giving acquires a spirit of narrow ex- 
clusiveness which cramps the faculty of open- 
minded receptivity — for receiving and giving are 
reciprocal intellectual motions. 
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Though the influence of individuals on the in- 
dustry of the country is keenly felt, national 
progress, in its widest range, is not made through 
the unpeUing force of one man, be he ever so able. 
It results from the united efforts of many mmds 
and many hands, acting under the contagion of 
a common inspiration. Looking at the develop- 
ment of a whole people, or of a single industry 
as a unit, we may therefore perceive that the 
old habits of secrecy in manufacturing enter- 
prises frustrate the very object which the secret- 
keeper aims at; for while he is guarding behind 
double doors his depreciated treasure, the great 
^my of progress is marching past him. 

To a certain extent, community of ideas and 
methods is secm*ed through such combinations 
of capital and manufacturing interests as have 
become the most prominent features of modem 
industrial development. All the peculiar pro- 
cesses and methods (if there be such) practiced 
by each of a dozen combined mills become the 
property of the unified concern, and can be ap- 
plied in all its establishments. But should the 
result of industrial combinations be the reversal 
of the tendency towards freer discussions, and 
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should the managements of these tremendous ag- 
gregations of power prohibit on the part of their 
employees all discussion of technical subjects, a 
strong prejudice against their existence would 
be created in the public mind, which naturally 
distrusts all secretiveness. The public will not 
imreasonably conclude that if one of the great 
economical benefits which accrue from such com- 
binations is the ''pooling" of individual secrets, 
much greater would be the general benefit if all 
reserve should disappear, and the technical facts 
learned by each industrial combination were 
communicated to all, as freely as Rontgen gave 
to the world his discovery of the ''X" rays. 
Ours is stigmatized as a mercenary age. Never- 
theless, there is a spirit of fraternal helpfulness 
abroad in the world. I believe that before long he 
will be honored as the most successful man who has 
communicated to his fellow-craftsmen the greatest 
nimiber of useful facts and the largest stock of 
valuable personal experience; and I believe, also, 
that any combination of selfish men or interests 
which may try to withstand this rising tide of 
free thought and free speech will be swept away. 
As I have already remarked, this modern spirit 
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of voluntary interchange of thought and expe- 
rience has been stimulated by the means of trans- 
portation and communication which alone have 
made its effective operation possible. Railroads, 
steamboats and the telegraph have been the 
apostles and missionaries of free thought and 
free speech. But they have served another p\ir- 
pose. They have virtually determined the cur- 
rent of population and the drift of mining and, 
metallurgical industry. 

It is difficult to realize the diminutive propor- 
tion of human settlement on this continent dur- 
ing the first three decades of this century. In 
the year 1800 the population of the United States 
was 5,305,937. There were only 903 post-offices 
and 21,000 miles of post-roads — ^and very bad 
roads at that. The Post Office revenue amounted 
to only $231,000; and only four cities could boast 
of a population exceeding 10,000 inhabitants. 

In 1830 the population had increased, chiefly 
by natural increment, to 12,860,020. But the 
manufacture of metals was still a local industry; 
and so it continued for nearly two more decades — 
while the railroad system of the country was 
expanding, so as to link section with section and 
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fuel with ore. The year 1830 was economically 
the critical period of our history, for in it the rail- 
road first appears as a factor in our industrial 
life. Twenty-three miles of track had been laid. 
By 1840 locomotives were running over 4535 
miles of road, and in that year the fiirst attempt 
was made to incorporate industrial statistics by 
quantity, instead of value, in our census-returns. 

If we compare two items of the statistics of 
' 1840 with the same in 1899 we shall appreciate 
how potent the railroad has been as a controlling 
power in mining and smelting, and what a revo- 
lution it has wrought in the industrial life of the 
nation. 

As we have said, in 1840 there were 4535 miles 
of railroad in operation. In 1840 there were 
scattered over the inhabited sections of the coim- 
try 804 small blast-furnaces, making 256,100 
tons of pig iron. In 1899 oiu* railroad system 
included 250,142 miles of track, and there were 
made in 200 blast-furnaces 13,620,703 tons of 
pig iron. If we multiply by 53 the number of 
miles of railroad in operation in 1840 and the 
number of tons of pig iron made in that same year 
by the same multiplier, we get approximately 
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the mileage of track now in existence and the 
tonnage of pig iron turned out by our blast- 
furnaces, viz., 249,425 miles of track, instead of 
250,142, and 14,085,500 tons of pig iron instead 
of 13,620,703. The relation cannot be accidental,^ 
for there is every reason why the magnificent 
iron industry of the cotmtry should keep pace 
with the extension of its raiboad system. The ! 
lines of growth have not always been perfectly 
harmonious, but there ha^ never been any wide 
divergence from parallelism. 

[Though the production of pig iron smce 1898 
has increased more rapidly than the mileage of 
the steam railroads, if the mileage of the extra- 
urban electric and steam street roads, and the 
increase in second tracks, be added to that of 
the railroads, the ratio is closely maintained. 
Recently the miscalled street railroads, — as ur- 
ban, suburban and interurban roads — ^have been 
extended in competition with the railroads from 
town to town, and in some cases are constructed 
on the standard of a railroad, with heavy steel 
and rolling stock for freight. The Union Trac- 
tion Co. controls not less than 1201 miles of road, 
centering in Philadelphia; the United Power & 
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Transportation Co. controls some 220 miles; and 
the United Traction Co. of Reading 650 miles. 
In California, the system centering in Los Angeles 
has in operation or under construction 826 miles 
of track. In 1904, the mileage in operation or 
under construction of these street railroads in 
the United States, has reached a total of about 
28,000 miles. The Census Bulletm Number 3 
reports for 1902, 22,589 miles as in operation. 
In 1903 the number of miles of railroad track 
was 283,821. If to this be added 28,000 miles 
of street railway track, we have a total mileage 
of 311,821. The pig iron production for 1903 
was 17,942,840. If, therefore, the pig iron pro- 
duction of 1840 be multiplied by 70, we have 
17,927,000 tons, as against the actual produc- 
tion for that year of 17,942,840. And if the rail- 
road mileage of 4835 in 1840 be multiplied by 
the same multiplier, we have 317,450 miles of 
track, as against the actual of 311,821 miles of 
track.] 

Equally important in its bearing on the iron- 
trade has been the development of inland navi- 
. gation. The difference between the first steamer, 
*'Walk on the Water/' that timidly ventured 
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out on Lake Erie, and the present large iron 
steamers, which, with their consorts, last year 
transported 14,000,000 tons of iron-ore from 
Lake Superior ports, is as great as between the 
^^John Bull" of the Mohawk & Hudson R. R. 
and No. 999 of the N. Y. Central & Hudson 
River R. R. [The tonnage of the steamers on 
our Lakes, especially those devoted to the trans- 
portation of iron-ores, is growing as rapidly as 
the size of our railroad trains. 

The ^'Augustus B. Wolvm" and the ^^ Sahara," 
the two largest boats on the Lakes, were both 
launched in 1904. Their dimensions are : 



"Wolvin" 
•'Sahara''. 



Length, 
Feet. 



640 
474 



Beam, 
Feet. 



56 
52 



Depth, 
Feet. 



32 
29 



10,000 gross tons on 
draught of 18 J feet 

8,000 to 9,000 gross 
tons 



Of vessels plying the Great Lakes there are 67 
having a tonnage capacity exceeding 4500 gross 
tons. Nineteen of these have a tonnage capacity 
exceeding 5000 gross tons.] 

With increased size of, and improved machin- 
ery in, vehicles on land and water, the cost of 
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transportation has correspondingly decreased, 
until freight has been carried, on long-distance 
hauls, with profit to the railroad company, for 
four mills per ton-mile. [Railroad freights on 
certain commodities are as low as even two and 
a half to three mills per ton-mile for long hauls.] 
The data for comparison with former freights 
are scanty, but the statistics of the Fitchburg 
R. R. give us as the average freight rate in 1848 
4.523 cents, and in 1897 0.870 cent per ton- 
mile. 

When Lake Superior began to ship iron-ore, in 
1857, the transportation-charges were about $3 
per ton to Lake Erie ports. The "wild" and 
''daily" rate in 1897 was 55 cents; the contract- 
rate, 65 cents. From Escanaba it was only 45 
cents, and from Duluth 57 cents. Freight has 
been transported across the Atlantic, a distance 
of 3000 miles, for a little over $1 per ton. This 
obliteration of distances by steam-power has 
altered completely the commercial and even the 
social conditions of the country. Before the rail- 
road and steamboat produced the industrial imi- 
fication of the continent, not only were food and 
clothes the product of local and domestic manu- 
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facture, but such a necessary article as iron was 
cast in small furnaces or reduced in small bloom- 
eries, wherever iron-ore and charcoal were found, 
even in limited quantities, near a water-power. 
To transport either fuel or ore for any distance 
over bad country-roads to large establishments 
was less economical than to rim the village fur- 
nace or forge. With the appearance of the rail- 
road commenced the concentration of raw mate- 
rial and the shifting of the centers of the iron- 
industry to a few favored localities. The process 
has continued ever since, to the serious detriment 
and even destruction of some of the older mining 
and metallurgical districts, and the creation of 
prosperous communities in what was, a genera- 
tion or two ago, an inaccessible wilderness. Ore 
and fuel need no longer occur in natural juxta- 
position: ore from the Mesaba range in Mirme- 
sota, has been delivered at so low a figure at 
Pittsburgh, in Pennsylvania, that, when turned 
into iron and steel by the aid of mechanical appli- 
ances, steel rails have been made from it, and 
sold at $16 per ton. It is less than a generation 
since Bessemer rails, made by the same process, 
but out of costlier ores and by cruder appliances. 
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cost $120 per ton. In very truth, so obedient 
have the forces of nature become to the will of 
man that weight and distance, which were, in the 
days of hard labor and horse-carts, controlling 
considerations, are being well-nigh eliminated 
from the calculations of modern engineers. 
j Cheap transportation has not affected the iron 
industry alone. It has made it possible to utilize 
the copper- and lead-ores of the West, and to 
reduce the cost of their treatment, by taking 
advantage of neighboring natural facilities. For 
instance, the Anaconda Co. transports its ore 
for a few cents from Butte to water at Anaconda, 
38 miles distant; and it is advantageous to carry 
Boston & Montana ore over 176 miles to water- 
power on the Missouri River. But the very 
romance of transportation was reached in the 
following instance: matte was bought at full 
price in Tennessee; transported by rail to Nor- 
folk, Va.; then shipped to Tampico, in Mexico; 
carried half-way across that Republic; saturated 
with gold and silver; concentrated into black 
copper, and brought back by rail and water to 
New Jersey for electrolytic treatment! Every- 
where the same wonderful interchange of products 
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and transfer of energy from one part of a land to 
another, or from one country to another, are being 
effected by the same agencies, thus making the 
whole world kin, and more or less interdependent 
as well as independent. With further improve- 
ment in motive-power by land and sea, the pres- 
ent cost of transportation, low as it is, will be 
steadily reduced, until the day will come when the 
natural resoiu-ces of every land will be the com- 
mon property of the whole world. Already the 
great German iron and steel plants of Stettin 
rely entirely on imported crude material. Eng- 
land, Germany, and France draw most of their 
supply of iron-ore from foreign lands. Even we 
ourselves do not depend altogether on home 
supply. And when we review the world's re- 
sources, we must be convinced that the quantity 
available within economical reach is so enormous 
as to preclude all risk of failure from the ex- 
haustion of raw material or of the acquisition 
by any one coimtry of a monopoly of manufac- 
ture. In the north of Sweden, within the Arctic 
circle, are iron ore deposits of phenomenal size. 

Since 1899 these enormous deposits of iron-ore 
have been rendered accessible by a railroad ter- 
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minating at Narvik or Victoriahavn on the Atlan- 
tic, a port free from ice the year around. The 
railroad was opened on November 15, 1902, 
but the docks of Narvik are not yet completed. 
The Gellivara mines have been shipping over 
1,000,000 tons of ore a year over a railroad which 
has been open for several years to Lulea on the 
Gulf of Bothnia, a port which is closed by ice 
during the winter. But the Gellivara is one of 
the smaller deposits. The Kiirunavaara deposit 
has a continuous length of over two miles and 
an average width of about 300 feet, and its ex- 
tension, the Luossavaara deposit, which has not 
yet been touched, is estimated to contain above 
the level of Lake Luossagaivi 218,000,000 tons 
of ore. That the ore contains on an average far 
too much phosphorus for treatment on an acid 
bottom is considered no disadvantage by the 
German works at Lulea, where some of the phos- 
phorus is separated mechanically as apatite, as 
is now done on Lake Champlain, for treatment 
by the German steel works, who have no preju- 
dice against the basic bottom. The Kiirunavaara- 
Luossavaara deposit is only 105 miles by railroad 
from the port of Narvik. The Gellivara deposit 



Technical Progress of the 19th Century 25 

is 168 miles, and the Roulevara deposits, which 
are almost as extensive as the Kiirunavaara- 
Luossavara deposits, lie only 70 miles west of 
Gellivara. There are therefore within an area 
not larger than that comprised within the Mesaba 
and Vermilion Ranges deposits of iron-ore re- 
markably high in iron, though high also in phos- 
phorus, whose horizontal section is approximately 
1,000,000 square meters, and containing above 
the surface not less than 500,000,000 tons of ore. 
Their accessibility to the markets of Northern 
Europe compares favorably with that of our own 
Lake Superior ores to our own iron centers. The 
average distance which the Kiirunavaara-Luos- 
savara ores must be carried to reach Narvik is 
very few miles greater than that over which the 
ores of the Mesaba and Vermilion Ranges are 
transported over the D. & I. R.R. or the D. M. 
& N. Ry. to the docks on Lake Superior. Once 
on board ship the Swedish ores travel 1170 miles 
to reach Middlesborough as against 834 miles 
which is the distance of Duluth from Cleveland, 
or 985 from the same point to Buffalo. If con- 
signed to Pittsburgh furnaces, the Lake Superior 
ore has to be trans-shipped at an Erie port and 
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carried by rail 150 miles further. The climatic 
conditions for transportation and the geographical 
relation of the Swedish ores to the furnaces of 
Northern Eiu-ope are as favorable as that of the 
Lake Superior ores to our furnaces on the Lakes, 
and more favorable than their relation to Pitts- 
burgh.* 

According to the Engineering and Mining Jour- 
nalj it is reported that four of the largest iron pro- 
ducers in Germany, including the Gutehofifenung, 
Deutscher Kaiser, Rheinische and Krupp com- 
panies, have entered into a contract with the 
Trafaktiebolaget Grangesberg Ocselosun, the 
owners, for the delivery of 14,000,000 tons of 
iron-ore. The shipments are to be made via 
Emden and Holland ports. The ore will be 
mined from the deposits of Grangesberg, Gelli- 
vara and Kiirimavaara. 

On the shores of Hudson Bay, of BaflSn Bay, 
and of Newfoimdland large deposits of iron-ore 
occur, which are not excluded by ice for a much 



* Lundbohm, Iron-Ore Fields of the Province of NorrboUenf 
Stockholm J 1898, and W. F. Wilkinson on " Iron-Ore Mining in 
Scandinavia" Transactions of the Institution of Mining and 
MetaUurgy. 
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longer period of the year from the market of the 
world than are ours by like obstacles from our 
own markets; [and very extensive deposits of 
high grade ore exist almost on the Pacific coast 
of Mexico. This seems a locality far from the 
commercial centers of the world, but when the 
Panama Canal is opened, it will be within the 
circle of accessible commerce]. When our canals 
shall have been enlarged, or new ones shall have 
been built. Lake Superior ores may find their 
way to European furnaces almost as cheaply as 
to Pittsburgh. [While no Lake Superior ore has 
as yet been shipped in quantity to Europe, Lake 
Champlain mines have consigned large shipments 
to Scotland and Holland. The Engineering and 
Mining Journal is responsible for the statement 
that in June of 1904, 12,000 tons were sent, to be 
followed by 18,000 tons more to cover contracts 
of 30,000 tons. This ore is shipped by Wither- 
bee, Sherman & Co., and is from the mines owned 
by that company, in the Lake Champlain dis- 
trict in New York. The ore is carried from Port 
Henry by Lake and Canal to New York harbor. 
The movement has been favored by low ocean 
rates, the charge from New York to Antwerp 
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being about five shillings, or $1.20 per ton.] Cali- 
fornia has drawn coal from New South Wales and 
sulphur from Japan. England depends largely 
on New Zealand for her fresh mutton; and our 
wheat, beef and pork feed the population of the 
world. Thus nature's commodities, now that 
we are learning how to control and use nature's 
forces, are becoming the common property of all 
mankind. If that be so, and if the world's re- 
sources are in the future to become more and 
more cosmopolitan, the race for industrial pre- 
eminence will not necessarily be to those who 
possess within their own national domain the 
crude materials for workmanship, but to those 
who by native wit and scientific learning and 
acute research can, out of the crude material, 
manufacture, most cheaply and of best quality, 
just what the world at large wants. And there- 
fore, if certain groups of the world's inhabitants 
progress more rapidly than others, it will not be 
altogether or primarily because they possess an 
imdue share of nature's material gifts, but be- 
cause they evince more aptitude in availing them- 
selves of the opportunities which nature offers 
them. 
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Our own industrial growth has excited the 
wonder of the world. While it is true that our 
progress would not have been so rapid and so far- 
reaching in its influence, had the nation not pos- 
sessed within its own boundaries natural resources 
as extraordinary for their diversity as for their 
quantity, certain political and social forces have 
concurred in facilitating our growth. Only two 
generations have passed since the era of our rapid 
industrial advance began. Since then we have 
been able to tap the untouched resources of a 
whole, marvellousiy rich continent, with the 
whole world's past experience to draw from, 
while relieved from many of the social and indus- 
trial complications which impede free action in 
the Old World. Never in the history of mankind 
have so many favorable causes combined to assist 
the industrial development of a people. During 
the first half of the century, few sordid distrac- 
tions withdrew the nation's energies from the 
greatest task a people can undertake — the crea- 
tion and consolidation of a system of popular 
government. With the establishment of this on a 
firm basis, the discoveries of modern science and 
technology coincided. Thus a free nation was 
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enabled to turn to account its splendid resources 
with the aid of appliances and natural forces 
which were contemporaneously and for the first 
time being brought under the control of man- 
kind. Yet, for all that, had there not been cer- 
tain qualities in the national character, or, per- 
haps, to speak more accurately, in the spirit of 
our industrial classes, these bounties of nature 
would have remained hidden or neglected. 

When we try to analyze the social influences 
which have been, apart from the natural advan- 
tages of this country, the impelling causes in 
bringing about its rapid rise in the industrial 
scale, certain differences which distinguish the 
conditions existing here from those of the older 
industrial centers of Europe are very conspicuous. 
Labor, generally superabundant abroad, has here 
been scarce, and therefore dear. To this cause 
is, in part, though not altogether, attributable 
our substitution of machinery for hand-labor in 
every department of life. To consider the ulti- 
mate effect of this substitution on our national 
life is beyond our province, but is is almost cer- 
tain that this elimination of manual labor is ex- 
erting both an elevating and a depraving influ- 
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ence on our working classes. The handling of 
machinery requires, in some vocations, a keener 
intelligence than the manual use of tools. The 
engineer of a steam-hoist brings into play a set of 
faculties very different from those exercised by 
the men toiling at the handles of a windlass. The 
gunner of a modern man-of-war must be some- 
what of a mathematician as well as a sailor. On 
the other hand, the effect of repeating, day in 
and day out, the same series of manual opera- 
tions, in keeping up with the unvarying speed 
of a machine, tends to reduce the man to the 
level of the machine itself, and must have a most 
benumbing effect on the faculties. The all- 
round mechanic of former days is rapidly be- 
coming extinct. 

A factor in our progress which should not be 
overlooked is that our miners and metallurgists 
have the advantage of working new mines and 
starting and operating new smelting works, in- 
stead of being the successors of generations of 
eminent men, whose fame was in all the schools, 
and to question whose methods, and even their 
theories, were heresy. The conditions facing the 
trained miner and metallurgist even in the East, 
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but especially in the West, are so different to 
those for which rules and precepts were laid 
down by his teachers, that he had of necessity 
to depart from precedent, and shape out for him-^ 
self new machinery and adopt for his practice 
new processes, while living up to the scientific 
principles which must imderlie all successful 
work. It is easier, however, for him to do so 
than it is for the manager of Old World estab- 
lishments to adapt himself to altered conditions, 
and more modern methods. Even if his rever- 
ence for the past be as profound, and his knowl- 
edge of its ways as deep, as those of his European 
confreres, it wounds him less to tear himself away 
from the old ways which have become almost 
sacred through long practice than it would be for 
the manager of works in Saxony or the Hartz, or 
Swansea, to desecrate the memory of his ancestors. 
Again, while it is true that without the scien- 
tific assistance which highly trained metallur- 
gists have contributed to our American miners 
and metallurgists who compose so large a pro- 
portion of our operating staff, our eminent posi- 
tion would not have been attained, imless the 
initiative had generally been taken by men who 
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brought native wit rather than training to 1^- 
on the solution of the many new problenio thai 
have presented themselves. 

And this spirit of originality, not of revolt 
against the past, influences the business depart- 
ment of our important enterprises as keenly as 
it does the operating. It is seen in nothing more 
conspicuously than in the worthlessness attached 
to an old plant; the recognition of the fact that 
it is intrinsically valueless except for the work 
it is actually doing, and that as soon as it falls 
behind the plant of a competitor in eflSciency it 
must be torn down and replaced by another, which 
will enable its owner to maintain his position. 
Of course, this expensive practice is economical 
only when applied to works where the saving 
on the unit of production is so large as to warrant 
it, and where, as invariably happens, the new 
plant introduces new mechanical appliances, 
which reduces the labor cost. Nevertheless, the 
willingness with which capital thus wipes out 
what stands at such a high figure on its books, 
the certainty with which it anticipates that busi- 
ness will grow and not decline, and the cheerful- 
ness with which it faces depression and even dig- 
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aster, when buoyed up with this confidence, are 
traits which have distinguished American mining 
and metallurgical companies, in all departments, 
from their foreign competitors. 

In many other respects our rivals in trade are 
handicapped, and it is fair that we should take 
credit only for what we really deserve. In this 
country, few local ties bind the employer and 
the employed. In the Old World the case is 
different. There certain branches of manufac- 
ture have been planted for generations in the 
same locality. The business has been conducted 
by the ancestors of the present owners, and the 
work has been done by the ancestors of the present 
operatives; and there has grown up a certain 
sense of joint interest, if not common ownership, 
m the works. This makes difficult the intro- 
duction of modern methods and of modern ma- 
chinery, which, to say the least, necessarily in- 
volves a dislocation of old associations. In 
the famous Krupp works at Essen, for instance, 
the hoTise, not bigger than a hut, in which the 
founder of the famous firm lived, is preserved as 
the nucleus of the existing wonderful mill, as 
sacredly as though it were the sanctuary of a 
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temple. In going through the plant, I observed 
that the Bessemer converters were idle. All the 
steel was being made in the open-hearth furnaces. 
I asked my guide what had become of the Besse- 
mer workmen. He said they were being em- 
ployed on buildings for a new colony. I, not 
unnaturally, observed that steel-workers must 
prove imhandy operatives at any other craft; 
but my guide replied that Mr. Krupp never dis- 
charged a faithful man if it were possible to find 
temporary employment for him in some other 
department. Such a sentimental motive seldom 
influences our great employers of labor; and 
our independent workmen would despise as im- 
business-like such a procedure. 

[Shortly after my visit to Mr. Krupp's works 
I met an American manufacturer who told me 
that by introducing electricity as a motive power 
from a central station he had been able to dis- 
charge five himdred workmen. I asked him what 
had become of the five hundred. His reply was 
that there is plenty of vacant land in America 
as well as vacant employment for them. Their 
future gave him no concern, nor perhaps need 
it have done so.] 



36 Characteristics and Conditions of the 

Looking at this phase of our industrial system 
from an economical point of view, the absence 
of such sympathy, and the latitude it allows to 
our manufacturer to do what self-interest sug- 
gests, materially aid in introducing economies 
which (at any rate, temporarily) give him an ad- 
vantage over his European competitors. Abroad 
this bond is so strong between the owners of old 
works and the descendants of the ancestral work- 
men, that I know of one large establishment in 
Britain which is anxious to introduce modem 
appliances, involving a change in methods so 
radical as to require the discharge of a very large 
number of its old hands; but the odium and 
opposition incurred by doing this in the home of 
the old industry would be so intolerable that, 
rather than face them, despite the economical 
absurdity of the alternative recourse, the old 
works will probably be completely abandoned 
and new ones will be erected in a distant portion 
of the kingdom. 

It is difficult for us to appreciate the gravity 
of such obstacles to change and progress; and 
yet, at the same time, one regrets that before 
the inexorable claims of modern mechanical 
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progress, the fine family feeling of co-partnership, 
in which such obstacles originate, should be 
crushed. And, looking beyond the present, we 
must perceive that on the solution of these difficult 
and obstinate problems the advance of some over 
others of the great industrial communities of the 
world in the twentieth century will depend. 

We shall, however, conmiit a grievous mis- 
take, if we imagine that the reaction of our ex- 
ample upon Europe will not be as sensitively felt 
as the influence of Europe has been felt by us in 
the past. England is more seriously handicapped 
than any of the progressive peoples in reorganiz- 
ing her industrial household, by the fact that for 
half of the last century she was the paramoimt 
power in the industrial world, and that it is diffi- 
cult for any country thus situated to reach the 
conclusion that some, even, of the machinery and 
methods of trade and manufacture, which gave 
her supremacy, may have become obsolete, and 
should be discarded. But she is rapidly recog- 
nizing the truth that conditions have changed, 
and that sh^ must change with them. Germany, 
on the other hand, and to a lesser extent Belgium 
and France, started on the new development of 
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their mineral resources at a later date than our- 
selves, and are less weighted down than is Eng- 
land by old plants and old prejudices. 

As all these vigorous competitors are in the 
field, and will be bidders against us in the markets 
of the world, which we are about to enter, and 
rivals even in our own markets, we will make a 
grave error if we count on victory mainly through 
the resources of the coal and the iron-ores, which 
we possess within our own land; for the conclu- 
sion and lesson I would rightly or wrongly draw 
from the preceding general survey is, that the 
industrial standard of a nation in the twentieth 
century is likely to be determined more by its 
capacity for progress than by its mere possession 
of crude natural resources. Not only the world's 
primary supplies, but also the world's technical 
experience, are becoming more and more the 
heritage of all; and consequently the lead will 
be taken by the nation whose technical managers 
possess skill, stimulated and not stunted by edu- 
cation, and so directed as, by elevating the intel- 
lectual condition of its operatives, to prevent 
them from sinking to the level of mere cogs in the 
wheel of a soulless industrial machine. 



The Development of American Mining and 
Metallurgy, and the Equipments of a 

Training School 



An Address Delivered before the School of Ifines and Metallurgy, of 
the Uniyersity of Missouri, May 30th, 1901. 



Gentlemen : 

I have been asked to address you to-day on the 
twin subjects of the Development of American 
Mining and Metallurgy and the Requirements of 
a Mining School, for which please understand 
the requirements of a student after he has left a 
Mining School. The subjects are so closely re- 
lated that the elucidation of the one will serve 
as a text to the other. I will not bore you with 
a table of statistics, which are forgotten by the 
hearer as rapidly as uttered by the speaker. 
They certainly flatter our national vanity, but 
are not, in so far as they consist merely of unre- 
lated columns of figures, especially useful. Some 
day or other the statistical branch of political 
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economy may be reduced to the order of a sci- 
ence. When this is done even mineral statistics 
may assist us in forecasting the future, which is 
one of the provinces of science, and thus in a cer- 
tain sense, give stability to our industrial system 
— if system it may be called. This will come 
about when we trace the industrial relations of 
metals to one another and to the vicissitudes of 
economic life. Take for instance the fact that 
the production of pig iron in this country and the 
increase in mileage of our railroads have almost 
exactly kept pace during the last sixty years; or 
the further fact that the production and con- 
sumption of iron and copper, taking the world as 
a whole, during the past half century has grown 
in equal proportions. If we could trace a num- 
ber of such relations, we would have partial data 
on which to predict the activity of a given branch 
of metallm-gy when the coimtry was enjoying 
prosperity, or the depression which must foLow 
when railroad traflSc is in sympathy with nar 
tional distress. Again, if we could formulate the 
law, assummg that there be such a law, which 
expresses the reliance, both as to production and 
demand, of the rarer useful metals on iron, and 
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their price, by comparison with the demand for 
and the price of iron and steel, we would convert 
the study of mineral statistics from being the 
driest and most tedious accumulation of isolated 
and often irrelevant figures into one of the most 
useful branches of economics. Moreover, when- 
ever you discover a statistical fact or a statistical 
relation which tends to erect statistics into a sci- 
ence, you help to bridge that heretofore impass- 
able gulf intervening between the exact sciences, 
which are independent of human volition, and 
therefore of human interference, such as mathe- 
matics and astronomy, and that still more im- 
portant group of sciences in which man, as a 
sentient and willful being, seems to modify, if 
he does not control, the play of natural forces. 
But, as I said, I shall not worry you with colunms 
of figures. 

That we should be the largest producers of 
metals in the world is not to be wondered at, 
considering our preponderating size and advan- 
tageous geographic position among its industrial 
units, and taking into further account the fact 
that we are working virgin soil of an almost newly 
discovered continent, while our most important 



42 American Mining and Metallurgy, and 

competitors were metal producers from ten to 
twenty-five centuries ago. The surprising feat- 
ure of our short industrial history is rather the 
amazing speed with which we have reached our 
dominant position. 

And what, therefore, it is of utmost importance 
to us to study are the causes, including traits of 
national character, which have helped us towards 
taking the lead as metal producers; for, if we are 
to maintain it, you, as miners and metallm-gists, 
must be inspired by the same spirit and follow 
the same general methods as have enabled the 
passing generation to raise this country from a 
position of dependence to that of a leader, not 
only in bulk of production, but in ingenious appli- 
cation of scientific principles to practical utility. 

If we go back a little more than half a century 
to 1840, when the first industrial census was made, 
we find that there were scattered throughout the 
length and breadth of the land, from Maine to 
the wilderness of Wisconsin, 804 iron blast-fur- 
naces, making 256,100 tons of pig iron, or one 
pig per diem per furnace, and 796 bloomeries and 
forges, making small quantities of wrought iron 
direct from the ores, or converting some of the 
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pig into malleable iron. These little furnaces 
and bloomeries and forges were not worked by 
trained metallm-gists, but by fanners and back- 
woodsmen, who Jiad to produce a local supply of 
iron, owing to the distance from a market and 
the difficulty of transportation, and who, wherever 
there was wood from which to make charcoal and 
water to give them blast, and a small or large 
deposit of rich iron ore, employed that mechan- 
ical ingenuity, self-reliance, and adaptiveness 
which have always been such marked character- 
istics of the American character to supply their 
wants. They were not in any sense educated 
metallurgists, but they possessed that same spirit 
which has converted into shrewd geologists, of a 
rough and ready type, and into skillful, practical, 
if not theoretical, metallurgists, hosts of men from 
every walk of life who have drifted from the East 
across the Missouri and become, as prospectors, 
the pioneers and real developers of our Great 
West. And had it not been for the infusion of 
this same temper into the builders of our magnifi* 
cent modern metallurgical establishments, we 
would not be setting the pace to the world to- 
day. Had our Fritzes, Thomsons, Fricks, and 
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Camegies been willing only to follow precedents 
and foreign tradition, and had they been hide- 
bound by the teaching of the schools, our output 
of iron and steel would not stand first on the list 
of the world's production. But even as the back- 
woodsman of the early decades of the last century 
turned from his plow and his axe to make iron in 
his own way, so our great ironmasters, not being 
hampered with overmuch reverence for the past, 
have fearlessly expanded their furnaces, applied 
new mechanical contrivances, enlisted electricity, 
and in many other ways applied the inventions, 
which they have been willing enough to accept 
from abroad, on expanded and often new lines. 

Looking at the field of mining and metallurgy 
to-day, the prominent features .of our progress 
have been, first of all, the large scale on which 
we work, and secondly, the very extensive use of 
machinery, which is a necessary concomitant to 
large production and extensive operation. The 
large scale on which our continent is built and 
the corresponding size of its natural resources have 
imquestionably stirred the imagination of the 
people and excited their energies. It is true 
that had we not possessed the natural resources, 
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we could not have made the progress, but there 
are other peoples who have possessed resources 
and allowed them to lie idle. Whence, there- 
fore, our success? It is due in great part, though 
not altogether, to our substitution of machinery 
for hand-labor in every department of life. It 
has become a guiding and controlling principle 
with every American that it is more economical 
to use your wits than your hands, whether in the 
kitchen or the workshop; that nature's forces are 
less easily exhausted than your own; and that 
iron and steel can stand a heavier strain than 
human bone and sinew. Acting on this principle, 
whenever machinery can be made to do man's 
work, the instinct of the American is to devise 
some means of bringing this substitution about. 
When scarcity and the high cost of labor made 
labor-saving machinery a necessity, this trait of 
the national character found full scope for its ex- 
ercise, and the necessity was abimdantly satis- 
fied. The material of which our buildings are 
erected is hoisted into place by machinery, and 
we are hoisted into our offices by machinery. 
We make watches by machinery for a few cents 
apiece, and locomotives for as few thousand dol- 
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lars. The ore for our furnaces is mined by ma- 
chinery, transported to the mills by machinery, 
hoisted to the furnace-top by machinery, and 
dumped into the furnace by machinery. By 
machinery the liquid product is carried to the 
converter, blown by machinery into steel, and 
the steel, by a continuous mechanical operation, 
is wrought into manufactured shapes and loaded 
on the cars. Half a century ago, to make iron in 
the small furnaces then in blast, at least six days' 
labor was expended for a ton of pig iron alone. 
To-day, in some of our iron-mines, 4J tons of ore 
is the tale of a man's daily work. In the large 
steel-works, the product of the blast-furnace de- 
partment is 3i tons of pig iron, and that of the 
whole manufacture is 2 tons of finished steel, 
made from the ore, per man employed, including 
the clerical force. In the field of copper, the 
impulse set by the ironmaster has reacted on the 
more sluggish copper metallurgist. Instead of 
the small brick cupola, in which, thirty years ago, 
it was thought a notable feat to melt 10 tons a 
day, fmnaces are now running which consume 
from 400 to 500 tons of ore per day, and dis- 
charge their valuable contents into Bessemer con- 
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verters, which blow it into pure copper in as few 
minutes as it used to take days to roast and 
re-roast and fuse and re-fuse the ore when the 
cupola process of reduction was employed. And 
the reverberatory furnaces which were thought to 
do well if they smelted 10 tons a day have been 
so enlarged that, when gaseous fuel is used, as 
much as 150 tons per day can be passed through 
a single furnace. Mechanical dipping and ladling 
have also displaced the feebleness of men in bailing 
out the copper from the copper refinery by spoon- 
fuls. Machinery has not so completely taken the 
place of the furnaceman in our copper-works as 
in our iron- and steel-mills; but every year wit- 
nesses a steady advance in that direction; and 
to-day ore mined in the morning can be loaded 
as copper into the cars by evening. A second- 
ary but important effect of the extended use of 
machinery is the necessity which it forces on 
the manufacturer of producing large quantities. 
Take, for instance, the Bessemer converter as 
applied to copper. The smallest converter which 
can well be used economically will make from 
1,000,000 to 1,500,000 pounds of copper per 
month from a 45 to 50 per cent matte. If, 
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therefore, this limit be reached, any increase of 
plant almost compels a doubling of the output — 
which would bring the production of such small 
works up to the total for the whole country in 
1870. 

The Yankee, after all, has been the creative 
genius of our continent, and we are all indebted 
to him for the infusion into the national life not 
only of his political ideas, but of his mechanical 
proclivities. The original Yankee was a mechanic 
and turned his talent to making wooden nutmegs 
and wooden clocks. He continues, as a mechanic, 
to make clocks, but it will probably be a German 
chemist who will make artificial nutmegs. The 
result of this Yankee infusion is that, as a people, 
we are more given to devising mechanical con- 
trivances than to synthetical chemistry. 

Among the mechanical factors which have helped 
to create our existing metallurgical industry, 
the railroad must be placed first. Through its 
agency, and aided by the steamer, ores can be 
brought to the fuel, or fuel to the ores, and through 
this concentration of crude material at favorable 
localities works of greater magnitude can be 
erected than the supply of crude material in any 
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single district could feed. The formation of our 
continent facilitates not only the construction 
and equipment of railroads on a large scale, which 
minimizes both original outlay and operating 
cost, but permits of the adoption of changes in 
obedience to the demands of progress, in a manner 
which it would be impossible to imitate in most 
foreign lands. A train can run from New York 
to San Francisco without once entering a tunnel 
or losing sight of daylight, and therefore structural 
changes to meet increased traffic can be made 
with less disturbance than in most other countries. 
Another advantage which we possess is that the 
railroads abroad were in a great measure built 
through, or to connect, large and populous cities 
and running through populous districts, when 
the art of railroad building was comparatively 
in its infancy. With us the great expansion of 
our railroad system has taken place when we had 
the world's experience to guide us. It has been 
no small gain to us that our active industrial life 
really commenced contemporaneously with the 
advent of the railroad; that it has been built upon 
the railroad as a substructure, instead of the 
railroad serving, as it has done abroad, as a mere 
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adjunct. Taking the railroad as a part of our 
great mining and metallurgical machine, and 
looking upon transportation as a mere branch of 
productive industry, it is interesting to follow 
say Lake Superior ore, from the mine back to the 
mine as steel rail, for by doing so we get a clearer 
conception of the all-important part machinery 
plays in the cycle of oiu* mining and metallurgical 
operations. The railroad which connects the 
Minnesota iron mines with Lake Superior, and 
the huge trains in which their ore is hauled 
from Bessemer to Pittsbm-gh, are as much 
mining machinery as the steam-shovels by 
which the softer ores are handled, or the 
hoists by which the deeper ores are raised to 
the surface. 

While scarcity and the high cost of labor in this 
country make labor-saving machinery a necessity 
of our industrial life, and while the necessity 
coincides with the tendency of the national char- 
acter and the habits of the people, we must not 
flatter ourselves by supposing that we are the 
only people that use machinery, or that we were 
the first to make all these applications of it, still 
less that we have been great inventors of great 
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processes. We did not construct the first rail- 
road; we did not build the first large blast-furnace; 
we were not the first to apply hot-blast to them. 
We did not invent the Bessemer converter with 
its beautifiil dependence of chemical on mechani- 
cal forces. We did not invent the Siemens- 
Martin open-hearth process, nor suggest the basic 
lining, nor invent the dynamo. But we have 
applied Faraday's great discovery more widely 
than any of our neighbors. We now build blast- 
furnaces so much larger than theirs that one 
single Duquesne stack turns out annually as 
much as the 804 little furnaces did per diem or 
per anmmi in 1840, and we drive our furnaces 
at a greater speed — even though we shorten their 
lives. We get more blows out of our converters 
(as modified by Holly and others), and more 
work out of our rolling-mills as improved and 
remodelled by such men as John Fritz. We can 
do all this, not because we understand better than 
our rivals the laws of mechanics or of electricity, 
or have studied more accurately the chemistry 
of the blast-furnace, but because nature has sup- 
plied us with an abundance of material to work 
upon, and because we live up to the principle that 
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whatever our wits or our hands find to do we do 
with all our might. 

The same is true in the metallurgy of other 
metals. The invention of all others which has 
helped in the development of our copper resources 
— the adoption of the pneumatic method in modi- 
fied converters — ^was worked out abroad, not here ; 
but for one ton of Bessemer copper made else- 
where we make 100 in this country. So likewise 
the electrolytic method of refining copper was 
proposed, used and substantially perfected in 
Europe, but works are considered there of large 
size which will t\mi out 10,000,000 pounds a 
year of refined copper, whereas we have more 
than one with a capacity of far over 100,000,000 
pounds. 

In all these instances our progress has been 
mainly due to the employment of mechanical 
and physical forces as auxiliaries to chemical 
and metallurgical processes to a greater extent 
than our rivals; and therefore I feel as if it were 
superfluous to even argue that a knowledge of 
mechanics and physics is as absolutely neces- 
sary to the miner and the metallurgist as an 
acquaintance with mineralogy or the principles of 
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chemistry and metallurgy. I use the word 
"physics" in its widest sense. Familiarity with 
the laws of heat is essential if we would use eco- 
nomically steam or hot air as motive powers. 
Electricity is doing our work \mder groimd and 
above ground; striking our drills; cutting our 
coal; propelling our cars; pumping our water; 
hoisting our ore; moving our machinery in every 
department, generating heat for the decompo- 
sition of our more mfusible chemical compounds 
as well as decomposing solid and liquid com- 
pounds in our many electrolytic operations; 
transmitting the power from localities where it 
can be cheaply generated to far distant localities 
where alone it can be economically used; lighting 
in mines, and works serving our ends and pmposes 
in a hundred ways, but destined, as we learn 
more accurately and wisely how to use it, to be 
of still wider service in the futm-e. But not 
only have we harnessed electricity to our mining 
and metallurgical machinery; we use air and 
water under pressure to an extent that makes 
it necessary that a mining engineer or a metal- 
lurgist, if thoroughly equipped, should be ac- 
quainted, not only with the laws, but likewise 
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with the appUcation, of aerostatics and hyrdau- 
lics. 

Now, gentlemen, from what I have said you 
will gather that, as essentials to success as miners 
and metalliu-gists, you must possess not only a 
knowledge of what was formerly supposed to be 
all that was necessary, namely, of mathemat- 
ics, chemistry, mineralogy, and geology, but you 
must be acquainted also with the fundamental 
principles and facts of mechanics and physics; 
for the educational equipment of a successful 
miner and metallurgist to-day is as much more 
intricate than it formerly was as the magnificent 
steam-engine, with which he wUl hoist his ore, 
is more complex than the windlass or the horse- 
whim, with which the primitive miner worked. 
As I have always said, without machinery — 
and machinery of the very highest type — ^we 
could not handle the quantities, without which 
om- large organizations could not be supported. 
If we compare, for instance, the 125,000 tons 
of iron made in 1840 with the 17,000,000 tons 
made to-day, you have a standard by which 
you estimate the difference between the past and 
the present. 
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But while the applications of the principles of 
mechanics have alone enabled us to work on 
such a gigantic scale, the demand for quality 
has meanwhile become quite as exacting, and 
quality can be attained only by the application 
of chemical analysis to the elucidation of chemi- 
cal laws. As professional men you will have to 
do, therefore, with the extremes of large masses 
and extremely minute quantities, the quality 
of the large mass being dependent upon the 
presence or absence, and the play of extremely 
minute quantities, of certain foreign bodies. To 
determine the existence of these and to explain 
their effects, you must be more or less familiar 
with chemistry and its allied branches. Thus 
if you are to handle ores and metals in bulk, 
you can do so only through a knowledge of me- 
chanics; if you are to seciu-e uniformity in qual- 
ify? you can do so primarily only through the 
agency of chemistry. It is not so many years 
ago that even some of the largest metallurgical 
establishments in this country worked by rule 
of thumb, without the aid of a chemist, for when 
I came to Pennsylvania in 1875 no chemist was 
employed by what was then one of the largest 
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manufacturers of both pig iron and malleable 
iron in the East. But since the introduction of 
the Bessemer process, in which the making of 
good steel depends on the presence or absence 
of minute quantities of carbon, silicon, and phos- 
phorus; and since the peculiar properties con- 
ferred on steel by minute quantities of nickel, 
magnesium, aluminum, and other metals are 
being taken advantage of, metallurgical works 
without a chemist, or a metallurgist without a 
knowledge of chemistry, has become an anachro- 
nism. 

Horror at mastering such an appalling volume 
of knowledge, as would have to be acquired, 
if all the facts, phenomena, and theories of all 
these sciences had to be packed into the brain 
of a metallurgist and miner, might well deter 
any of us from undertaking the task of qualify- 
ing ourselves for creditably filling the humblest 
place in the ranks of the profession. The utmost 
that we can do is to familiarize om-selves with 
the main principles of the sciences I have referred 
to, so that when we come to occupy, as I hope 
most of you will do, prominent positions in one 
comer or another of the industrial world, you 
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will at least be able to map out the lines on which 
work is to be done, and be able to judge whether 
the technical speciahsts whom you employ are 
fit to do the work which you have assigned them. 

It is true in our profession, as in medicine, that 
a specialist who is not more or less of a general 
practitioner is a dangerous man. At the same 
time the range of medical science has been so 
extended that the specialist has become a neces- 
sity. So in the walk of life which you intend 
pursuing, even if you decide to devote yourself 
and direct your studies to some special branch, 
you cannot escape the necessity, if you are to be 
useful men, of being generally informed on all 
of them. And if you take up no special branch, 
you will find yourself seriously handicapped, un- 
less you know enough of every specialty to avoid 
being a mere slave of your special adviser. 

In any case, what you want to study are the 
principles which imderlie such sciences as come 
within the range of your studies, rather than the 
applications. The applications change— the prin- 
ciples never change. For instance, the type 
of furnace used to-day is likely to be discarded 
to-morrow. The Bessemer converter is being 
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rapidly displaced by the open-hearth furnace. 
The top furnace gases, which were only recently 
supposed to be turned to their most economical 
use in heating hot-blast stoves, are now freed 
from certain valuable by-products and used to 
drive large gas-engines. Hot blast, secured by 
the combustion of top furnace gases, and hot-blast 
stoves were hailed as the consimmiation of all econ- 
omies. To-day frozen blast and the consequent 
condensation of oxygen is the aim of the iron- 
master. Thus in a thousand ways nature's forces 
and products are turned to newer and more eco- 
nomical uses. What you want to study are the 
forces themselves, and to be ever on the alert 
to make them do your special work. 

And, as you will find, your real education will 
commence when you leave college and go out 
into the world and have a wider field of observa- 
tion than you possess here. But if you are to 
derive the fullest advantage from this wider field, 
it must be by not omitting an opportimity of 
picking up stray pieces of knowledge, by observing 
the results of other people's experience. I used 
to have a professor of Greek who occasionally 
preached to us suggestive sermons from humble 
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topics, on texts which were generally suggested 
by the wisdom of the Greeks. I recollect his 
once breaking off his lecture to descant on the text : 

"Pussy cat, Pussy cat, where have you been? 
I've been to London to see the Queen. 
Pussy cat, Pussy cat, what saw you there? 
I saw a little Mouse under the Chair.'' 

The moral hardly needs to be enforced. Our 
first duty as professional men, no matter where 
we are or what we go to see, is to have our eyes 
open, and our minds retentive of what to us must 
be the all-important objects of our professional 
life — gathering professional facts and professional 
experience. When Pussy cat at last got to 
Court, she forgot Royalty and its state and its 
circimistance, in attending to her particular func- 
tion — ^watching the "little Mouse under the 
Chair." So in our case, no pleasure, no dis- 
traction, no self-gratification should ever stand 
in the way of entering a mine, visiting works, 
picking up a scrap here and a scrap there of pro- 
fessional information, and learning something 
from others' success as well as others' failure. 
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I DO not unduly magnify our office as miners 
and metallurgists when I claim for ourselves, 
as winners of its mineral constituents from the 
earth's crust and producers of the useful metals 
from the raw products of the mines, a somewhat 
more dignified position than that of the mere 
merchant who disposes of our handiwork. But 
when we reduce our own and his energies to a 
common motive, we both stand on the same 
plane as money-makers. 

It may be an inglorious position, but while we 
may, and should, personally work with higher 
aims than the sordid considerations of personal 
gain, as employees and representatives of capital 
we must make money, or the enterprises we man- 
age will very soon become derelicts on the ocean 

of industry or ignorance. In trying to do so you 
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will come face to face with many problems and 
perplexities which may even assume the gravity 
of cases of conscience. 

I do not speak of direct bribes, nor of the insidi- 
ous bribes which are often offered under the guise 
of contingent fees; but of the feeling of guilt 
which oppresses a conscientious miner or metal- 
lurgist, when he is knowingly, and therefore will- 
fully, wasting the treasm-es of nature, of which 
he should be the conservator. 

The subject is a wide one and of many phases. 
For certain prominent shortcomings, such as the 
loss of heat, and therefore waste of coal, in gener- 
ating power through the agency of steam and for 
the waste of power in its transmission, when once 
generated, we can hardly be held responsible, as 
the remedies for these fall within the province of 
the mechanical engineer.. But there are, unfortu- 
nately, too many wastes for which we cannot 
shift the blame to the shoulders of others, and of 
some of these I wish to speak to you. 

Theoretically, every valuable ingredient of an 
ore should be recovered. The day may, and 
will, come when this consimmiation of one of the 
higher ideals of metallurgy will be reached; but 
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to-day it is unattainable, partly because our 
methods are incomplete or defective, partly be- 
cause economic considerations forbid us to recover 
by-products where there is no market for them. 
The latter excuse is, however, so rapidly disap- 
pearing under the extension of transportation 
facilities and the reduction of freight rates that 
ere long it will be our fault only if we are enlisted 
in the great army of wasters, instead of in the 
select company of the salvage corps. 

In the recollection and experience of many of 
us, such notable advances have been made towards 
the consimmiation of what we all have at heart, 
that there is reason to hope the most sanguine 
expectations of the most enthusiastic believer in 
the salvation of nature's resources will be real- 
ized. Half a century ago every blast-furnace in 
the Black Country of England, and in om- own 
then insignificant iron centers, was a torch, belch- 
ing forth the flame, and the smoke and gas which 
are now used to heat the blast in the stoves, and 
to raise the steam for the blowing-engines, thus 
reducing the consumption of carbon in extracting 
pig iron from its ores to about one-quarter of what 
formerly was consmned. 
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It was later still before Mr. Bessemer suc- 
ceeded practically in applying the heat generated 
by the combustion of the carbon and silicon in 
the pig iron to the conversion of cast iron into 
steel. It only remains to apply the waste heat 
from the converter to the generation of power for 
operating the blowing-engine to make this cycle 
complete. 

Another example of the utilization of the fuel 
in an ore for the separation of its valuable con- 
stituents is afforded by the treatment of pyrite. 
Pyritic smelting can hardly be said to have pass- 
ed beyond the stage of incipient development. 
Yesterday, hot blast was declared necessary. 
To-day, cold blast at high pressure is found more 
advantageous, but such progress is being made 
by many metallurgists, the world over, to place 
pyritic smelting on a soimd technical footing, that 
before long we should see not only the sulphur in 
sulphiu-etted ores used to smelt the charge, but 
the sulphur escaping from the stack and the cop- 
per converter recovered as acid by the contact 
or some other process. 

But a still more instructive example of the sav- 
ing, not only of money, but of the valuable con- 
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stituents of pyrite has been worked out in 
Spain. 

Till within a few years the minerals from the 
great lenses of pyrite at Rio Tinto and Tharsis 
were sorted and the portions richest in copper 
shipped to the chemical centers of the world. 
The poorer ore was roasted in heaps for the pur- 
pose of partially sulphatizing, and extracting as 
much of the copper by leaching as possible. 

The pyrite exported is treated by the so-called 
Henderson process, which, however, should be 
more justly credited to Longmaid. After kiln 
roasting the crude ore, in order to extract most 
of the sulphiu" for acid making, the cinders are 
crushed and roasted with salt, whereby the cop- 
per is almost completely chloridized, and ren- 
dered soluble in the weak hydrochloric acid 
liquor obtained by passing the leach liquors 
through a condensing tower connected with the 
roasting-fumace. Iron is used as the precipitant 
of the copper, but before the cupriferous liquors 
pass to the copper precipitating-tanks the silver 
and some of the gold, which have been dissolved 
with the copper, are separated by iodide of zinc, 
as first proposed by Claudet. The tank residues, 
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practically free from sulphur and copper, consist 
of very pure iron oxide which was formerly used 
as fettling in the puddling-fumace, but now 
enters the blast-furnace. Thus the sulphur, the 
copper and the precious metals and the iron are 
all more or less perfectly recovered. And we 
have here, therefore, an instance of an attempt to 
save all the useful elements of the ore. But till 
the fuel used in roasting can be eliminated and 
till the salt consumed in chloridizing and the iron 
in precipitating are regenerated, or recovered in 
some valuable form, the series of operations, 
looked at from an economical point of view, is 
incomplete. 

The treatment, however, of the second-class 
ores at the mine is what I wish particularly to 
call your attention to, as it conveys several les- 
sons. The manufacturing chemists of Europe 
were driven to the use of pyrite about half a cen- 
tury ago by the unwise action of the Sicilian 
government in imposing a heavy export duty on 
brimstone. Three notable producers of pyrite 
soon entered the market — the Mason and Barry 
mines of Portugal, and the Tharsis and Rio Tinto, 
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on the same chain of deposits in the province of 
Huelva, Spain. 

The Portuguese government forbade the roast- 
ing of pyrite by the Mason-Barry Co., which, 
therefore, was forced to screen and export all its 
lump ore. It was soon discovered that decom- 
position set up in the piles of raw fine screenings, 
when they were wetted, resulting in the extrac- 
tion of the copper. 

The fact, however, was overlooked as of any 
importance by the two great neighbors of the 
Portuguese company. They were building their 
second-class ore into huge heaps and roasting off 
the sulphur at enormous loss to themselves and 
the destruction of all surrounding vegetation. 
The Tharsis company was the first to correct its 
mistake, but though the Tharsis and Rio Tinto 
properties are only a few miles apart, it was years 
before the Rio Tinto was willing to abandon its 
old, obsolete and extravagant methods. 

The result is now that both at Tharsis and Rio 
Tinto two or three million tons of raw pyrite a 
year are built into heaps and irrigated at intervals 
for foiu" years, by which time the copper is prac- 
tically extracted. The piles shrink in size by 
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about one-quarter of their weight, but when 
broken down for shipment to the chemical works 
of Europe and this country the remaining three- 
fourths consists of lumps of iron pyrite, retain- 
ing their original shape and structure, but of 
somewhat higher percentage of sulphur than 
before lixiviation. 

I shall not discuss the interesting reactions that 
occur in the heaps during the four years of lixi- 
viation, nor the still more interesting bearing of 
the whole process on the problem of the solution 
of metals in and from the earth's crusts, and their 
re-disposition as secondary ores. What I want 
to bring out is that there are saved to the world 
annually about 1,000,000 tons of sulphur, of 
which we get our share for the manufacture of 
the world's most indispensable chemical com- 
poimd, sulphuric acid — ^sulphur which heretofore 
simply polluted the atmosphere. 

At Rio Tinto there are in their two yards about 
20,000,000 tons of badly roasted pyrite in heaps, 
collected during some thirty years, still slowly 
undergoing oxidation and yielding a little copper, 
but from which 7,000,000 tons of sulphur should 
have been recovered, whose value, at 10c. per 
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unit, would not have been less than $70,000,000 
had the company's metallurgists been keenly 
alive to what was actually occurring elsewhere, 
even on their own Iberian peninsula. 

There is no greater mistake than to work with 
too intense concentration and with your vision 
too firmly focused on your own enterprise. Tech- 
nical travel displaces many an illusion and preju- 
dice; and diu-ing your travels you will learn 
generally more than you would from books; for 
while few practical men will actually refuse to 
communicate their experience when asked, espe- 
cially if you also reciprocate by communicating 
yours, still fewer are eager to take the trouble to 
publish their observations and their practice, 
even when their employers allow them. 

Unfortimately there are a few employers who 
think that they can gain something by imposing 
secrecy on their officials. You will generally 
find they are willing enough to try and pump 
you dry; but they forget that the law of give and 
take is of universal force. 

The waste of sulphur is not confined to Spain. 
The clouds which hang over Bergen Point and 
the northern part of Staten Island in the very 
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neighborhood of New York are a very visible 
and sensible protest against our own waste of 
that element. 

A significant example of the recovery of all 
the valuable constituents of an ore is afforded 
by the present treatment of that complex min- 
eral, franklinite, mixed with willemite-zincite, 
by the New Jersey Zinc Co. The minerals con- 
sist of iron, zinc, and manganese. Every attempt 
to extract the zinc by the Belgian method was 
futile, as the iron melted the retorts, but now 
that the Wetherell process of magnetic separa- 
tion has been applied, a very pure zinc ore — 
the willemite-zincite — is recovered, zinc oxide 
is made from the franklinite, and the resulting 
iron and manganese are melted into spiegeleisen. 
As an iron ore the mixed mineral was of little 
or no value, because associated with so much 
zinc; as a zinc ore it was worthless because of 
its iron contents, and ten per cent of manganese 
added nothing to its attractiveness. Each of 
these metals was simply a deleterious waste 
product to the others. Now each adds value 
to its associate. 

Such instances as these inspire the hope that 
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the self-interest of capital directed by the teach- 
ing of the members of our profession will soon 
remove from the technical industries the stigma 
of wittingly continuing to practice needless waste. 
But there remains much to be done even along 
lines already followed and methods already prac- 
ticed. Take for example the waste of coal in min- 
ing it, and the appalling waste of by-products 
in coking it. 

For many years after our limited stock of an - 
thracite in Pennsylvania was first mined and 
marketed, the proportion saved was only 30 per 
cent of the vein mined. The balance was either 
left as pillars underground, which were never 
extracted, or thrown as waste into mountains of 
culm. Of late the figures have been nearly 
reversed, for about 60 per cent is recovered, 
and only 40 per cent is lost, a saving due 
to somewhat better mining, and to the burning 
of culm on perforated grates by forced draft. But 
this loss by no means represents the total, for in 
many localities, in extracting the coal from the 
best of the veins, coal in parallel veins is irre- 
trievably lost, either in whole or in part by caving 
and crushing. 
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The demand for anthracite as a domestic fuel 
being urgent, and the supply bemg necessarily 
met from one limited region, arrest of produc- 
tion can hardly be permitted in order to study 
and apply improvements in methods of mining 
and preparation. This explanation may be ac- 
cepted as a partial excuse for the waste of this 
rare and invaluable fuel. But no such justifi- 
cation exists for the waste of the by-products 
in the coking of bituminous coal; since the utiliza- 
tion of the waste gases was practiced long before 
the introduction of the Otto type of retort ovens, 
which is merely an amplification of the illumi- 
nating-gas plant. 

There is made in this country about 22,000,000 
tons of coke, of which less than 2,000,000 tons 
are made in by-product ovens. The actual 
proportion is 5.4 per cent of the whole, while 
94.6 per cent is made in non-by-product ovens. 
The coke is made from 34,000,000 tons of coal, 
from which about 1,800,000 tons alone yield 
by-products. 

Average coal in its coking yields per ton as by- 
product about 20 lbs. of ammonium sulphate, 
when the ammonia is recovered as sulphate, and 
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10 gals, of tar. If these by-products were re- 
covered from all the coal coked, there would be 
saved about 340,000,000 gals, of tar, worth at $5 
per ton $8,168,000, and ammonia suflicient to 
make 340,000 tons of anmionimn sulphate, worth 
at $60 per ton $20,400,000; and allowing 60 
per cent of the gas to be consumed in heating 
of the ovens, there would be available for power 
140,000,000,000 feet of gas, each cubic foot of 
which, if biu-nt, would yield about 500 B.T.U. 
of heat. 

The total volume of gas now wasted, therefore, 
after thus deducting 60 per cent, would give us 
72,000,000,000,000 B.T.U., and aUowing 12,000 
B.T.U. per horse-power hour, 6,000,000,000 horse- 
power hours, if burnt in gas engines — or far more 
than the power now actually produced from the 
Falls of Niagara. The figures of loss are startling 
and appalling. The tar wasted would enable us 
to outstrip Germany's famous lead in the manu- 
facture of aniline dyes and other hydrocarbon 
products, if we brought Germany's perseverance 
and skill and chemical science to bear upon the 
industry. The gas would yield ammonia enough 
to require the multiplication of our acid and fer- 
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tilizing works for making cheap manures with 
which to revive our depleted prairie lands, and 
power enough, if distributed, to create new cen- 
ters of manufacturing activity. 

If Germany can afford the expense of coking 
ovens of the retort type, with the object of mak- 
ing so good a coke out of her inferior coals that 
they can compete with our own in the markets of 
Mexico, surely we can do the same. And we 
would do so, were it not for the reckless haste to 
make money, and make it at once with whatever 
appliances we possess. 

None are so willing as our own manufacturers 
to discard an old plant and replace it at any cost 
with new, but they hate complications; and 
therefore it will take time to persuade our coke 
manufacturers to complicate the simple process 
of coke making in the bee-hive oven — as long as 
it makes a good coke out of our splendid coals — 
with all kinds of chemical processes, which must 
be operated by chemical experts who are even 
more obnoxious than their processes. 

But the gains are so obvious that prejudice 
must rapidly vanish, and we shall soon see two 
great changes taking place. More coke will be 
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made at the works where it is consumed, for coal 
can be transported more cheaply than coke, on 
account of its lesser bulk, and it does not sufifer 
in transportation, if intended for coking; whereas, 
coke loses in volimie and efficiency by attrition 
in carriage. 

If, moreover, the 25 to 30 per cent of volatile 
gases given ofif, even from the bee-hive ovens, are 
burnt, as they issue from the oven, under steam 
boilers, or, better still, exploded, after purifica- 
tion, in gas engines, the total weight of combus- 
tibles carried from the mine will be burnt either 
as coke in the blast-furnace or as gas for the gener- 
ation of power. 

There may be furnace plants in localities where 
the by-products of the coke oven are valueless, 
though they are becoming fewer with the exten- 
sion of our railroad system. But even so, it will 
generally be found cheaper to coke the coal at the 
furnaces where it is to be consumed, and then 
utilize the escaping gases for power purposes, than 
to haul, on the same trains from the distant coal- 
fields, coal for generating power and the costly 
bulky coke already wastefully deprived of its vol- 
atile gases. 
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The utilization of the gas at the great centers 
of the coke industry, as in th6 Connellsville dis- 
trict, for the generation of power, would formerly 
have been impossible; but now that long dis- 
tance electrical transmission imder high voltage 
has been practically effected, there is no excuse 
for wasting the energy which escapes with the 
gas from 25,000,000 tons of coal coked in Penn- 
sylvania alone, where power is in such demand * 

When Siemens introduced his gas producer he 
imagined the time would come when gas instead 
of solid fuel would be sent from the mine to the 
consumer. The conception has never material- 
ized, for obvious reasoni^ But none of the ob- 
jections which prevail against the transportation 
of gas hold good against the transmission of the 
more subtle mysterious agent — electricity. And 
therefore, with the interposition of only one — or 
for certain purposes, two — conversions and trans- 

* Erskine Ramsay, in a paper on the " Generation of Steam 
from the Waste Gases of Coke Ovens/' conmiunicated to the 
Alabama Industrial and Scientific Society, Vol. Ill, 1893, 
calculates, from his experience at the Pratt Mine coke ovens 
in Alabama, that if the 18,000 Connellsville ovens were run 
to their capacity of 50,000 tons of coal daily, the escaping 
gases would be equivalent to 18,000 tons of coal burnt under 
steam boilers. 
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formations, we shall sooner or later see Siemens' 
dream realized; when the gas generated at the 
mine will be transmitted as electric energy to the 
consumer, and the smoke nuisance, the ash nui- 
sance, and a host of other nuisances, if they do not 
disappear from our cities and our homes will be 
notably reduced. 

The effect of the saving of waste on the price of 
our staple metals will be incalculable. In fact, 
when all the volatile products of the coke oven 
and of the blast-furnace, which are now saved in 
Scotland, are deprived of their heat-giving prop- 
erties, and their chemical constituents, and when 
the slag as well as the ijOLetal have returned their 
heat to man instead of to the atmosphere, and 
the slag itself has been turned into cement, or 
some other useful article, it will be a question as 
to whether the pig iron is the principal object of 
manufacture, or one of the by-products. 

There is another waste for which we are respon- 
sible, but for the removal of which I cannot see so 
speedy an outlook; I mean the burying of our 
forests in our mines. I do not know how many 
feet of lumber, board measure, are actually and 
irrevocably covered up in your copper and iron 
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mines, though I know how intelligently and ear- 
nestly your iron masters have worked to stop 
this heinous waste by replacing timber with steel 
and concrete, but I am ashamed to say that 
twenty-five feet of Oregon pine replace every ton 
of copper ore we extract from the Copper Queen. 
There the quantity used is exceptionally large, 
for the ore is in great measiu-e extracted from soft, 
irregular masses embedded in a wet clay matrix, 
and square setting, as a measure of safety, has to 
precede the ore extraction. We cannot see how 
to actually displace this expensive and wasteful 
method by back filling or caving, and yet it seems 
iniquitous to waste so valuable and vanishing a 
natural product as timber in recovering another 
of perhaps less national importance. 

The preservation of our forests and their per- 
petuation, by replanting, are of course a subject 
which you in Michigan must have very near at 
heart, and therefore to Sweden you should look 
for lessons in the economical use of your forest 
resources. There is still in operation a public 
company — the Kopparberg — whose charter dates 
back to the thirteenth century, and which de- 
pends still for its prosperity on the lumber cut 
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from the tracts of forests which then came into 
its possession. Nothing is rejected. What is 
not used for pulp making and dimension Ixmiber 
IS devoted to metallurgical purposes — converted 
either into charcoal for the blast-furnace or into 
gas for steel making in the open hearth furnace. 
Not a twig nor a grain of sawdust goes to waste; 
and the price Sweden obtains for her steel is her 
reward for and warrants the care and the cost 
involved. It also goes without saying that a 
tree is planted to replace the tree cut down. But 
in Sweden men and their children are willing to 
wait till a tree grows. Here we are not. And 
there the State, conscious of its immortality and 
provident of the national resources for future 
generations, puts some checks on the selfishness of 
the individual who looks only to to-day. This 
phase of the subject involving the duty of the 
State to interfere with the free action of the in- 
dividual and with the reckless waste of the na- 
tion's resources is, I know, a delicate one, yet 
none the less momentous. But to discuss it 
would lead us far afield of our present object, 
which is to consider cursorily our individual obli- 
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gation to use our best endeavors towards minim- 
izing the evil. 

My own experience has been largely gained in 
working mines and treating the copper ores of 
the West, and dates back to the period when 
both Arizona and the Butte copper interests were 
in their infancy. I have therefore observed the 
heavy costs involved through losses which are 
incidental to inexperience, and which must neces- 
sarily occur during the premature development 
of mines on a large scale. I can therefore also 
appreciate the impossibility of avoiding them 
altogether. The few remarkable instances, out 
of many, which I have quoted, of waste on a 
national scale, it may not be within the power of 
many or of any of us to remedy, but we shall all 
have to consider again and again what provision 
can be made to preserve, for future treatment, 
valuable material which at the moment is vir- 
tually waste. 

It is difficult to forecast the future and to an- 
ticipate the economical charges which time will 
bring with it ; but of this we may be certain, that 
the drift of events will be inevitably toward lower 
treatment charges and therefore the utihzation 
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not only of lower-grade ores, but of what is to-day 
actually rejected as waste. In mining, therefore, 
it is better to store at surface, if the character of 
the ore will permit of it, lower-grade ores than to 
bury them in the stopes as filling, imder the cer- 
tainty that the day is not distant when they will 
be valuable; or if they must be left imderground, 
separate the ore, no matter how low, from actual 
waste. It may cost a trifle more at first to do 
so, but in the end it will pay, and the end must 
always be kept in view. I have to do with a 
mine which, when first worked, was 125 miles 
from a railroad, and the standard of the ore fed 
to the fm^nace was fixed by the management at 
18 per cent of copper. With lower freight and 
cheaper fuel the standard was reduced to 12 per 
cent. Now we are satisfied to feed our furnaces 
with ore of between 6 and 7 per cent. During 
the first stage 12 per cent was waste; during the 
second 7 per cent was waste. To-day it would be 
rash to count any copper-bearing material as 
actual waste; but at each stage of development 
the ore rejected for the moment was treated as 
worthless and thrown away as stope filling, and 
is recovered, though at needless cost. As, how- 
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ever, the property has thrice changed hands 
since the early days, the original owners would 
have derided the suggestion that, for the good of 
their successors, they should have incurred a dol- 
lar of unnecessary expense. In very truth, how- 
ever, the property would not so often have changed 
hands had the future and not the immediate pres- 
ent been more prominent in the calculations of 
each successive administration. 

The ores of the Arizona mines have changed 
and so have the methods of treatment. For 
years it was considered that with the appearance 
of sulphur would date the rapid decline of the 
mines. Then that valuable element was regarded 
as pernicious and worse than waste. To-day it is 
in urgent demand; for with the introduction of 
the pneimiatic method, and the cleaner slags 
made by matte smelting, it is found cheaper to 
make copper from a sulphide mixture, though by 
several operations, than from carbonate ores by 
a single furnace treatment. Moreover, we are 
everywhere resmelting the rich slags formerly 
made, where they were preserved. Unfortunately, 
at certain furnaces they were considered as of 
such little prospective value as to have been 
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granulated and run into the river or so dumped 
that they have been washed away. We are not 
to blame for having made copper direct from 
carbonate ores, though it involved waste, for 
sulphuretted ores were not obtainable nor would 
it have paid to reduce a sulphide charge by the 
older methods in vogue twenty years ago. But 
we were at times to blame for not anticipating, 
and believing that metallurgy and railroading 
and all associated industries would rapidly ad- 
vance, and put cheaper methods, cheaper fuel, 
cheaper transportation within our reach, and 
thus ennoble what was then waste into valuable 
material. 

The same has been eminently true of the waste 
from gold, silver and copper concentrating-mills. 
Only some 60 per cent of the hundreds of mil- 
lions which the Comstock lode yielded was recov- 
ered at the time, and yet at first those enor- 
mously rich tailings were not even collected — 
such was the haste of the miner to empty that 
stupendous deposit, which should have made 
Nevada prosperous for generations instead of 
whirling the whole coimtry into a mad dance of 
reckless speculation. And at Anaconda there 
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are said to be tailings by the millions of tons 
which will run from 2 to 2^ per cent of copper, 
made when a large production rather than minute 
economies was the order of the day. The values 
locked up in our Arizona slags, in the Comstock 
slimes, in the Anaconda taiUngs, all represent a 
large waste and heavy loss, even though they 
may be in part recovered by subsequent treat- 
ment. 

Who or what is responsible? Primarily the 
company system and the heavy capitalization of 
our large mines, involving a large output at any 
expense, if the value of the shares is to be raised 
or their price maintained at the financial centers. 

Overcapitalization generally demands overpro- 
duction, and overproduction almost inevitably in- 
volves waste at some stage of the metal's prog- 
ress from the mine to the consumer. 

The company system and the company man- 
agers may be greater sinners than ourselves, for 
they set the pace, and we must maintain it. At 
the same time the management at the eastern 
end is generally composed of able and honest 
business men, whose ignorance of technical de- 
tails obliges them to rely upon their technical 
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advisers, and the more worthy the members of 
the technical staff are, the more implicit will be 
the confidence imposed in them, and, therefore, 
their influence. On us, therefore, ultimately rests 
the responsibility in great measure of correcting 
the evils of waste to which I have drawn your 
attention. For, depend upon it, if from no higher 
motive, you will find the eastern management 
willing enough to spend money in order to save 
money, and there is always money saved in 
avoiding waste. But apart from this sordid view 
of the subject, it will elevate your whole concep- 
tion of the dignity of your profession and your 
work, if you regard yourselves, which indeed you 
should be, as the preservers of the gifts with 
which a beneficent Providence has stored our 
world, for next to being a creator, the highest 
function a man can attain to is being a saver — b. 
savior. 
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Wulling's Elementary Course in Inorganic harmaceutical and Medical Chem- 
istry. zamo, a 00 

CIVIL ENGINEERmG. 

BRIDGES AND ROOFS. HYDRAULICS. MATEIOALS OF ENGINEBRIN6 

RAILWAY ENGINEERING. 

Baker's Engineers' Surveying Instruments zamo, 3 00 

Bixby's Graphical Computing Table Paper io^Xa4i inches. as 

** Burr's Ancient and Modem Engineering and the Isthmian Canal. (Postage, 

37 cents additional.) Svo, net 3 so 

Comstock's Field Astronomy for Engineers Svo. a 50 

Davis's Elevation and Stadia Tables Svo, z 00 

Elliott's Engineering for Land Drainage lamo, I 50 

Practical Farm Drainage z2mo, z 00 

FolweU's Sewerage. (Designing and Maintenance.) 8v«, 3 00 

Freitag's Architectural Engineering, ad Edition, Rewritten Svo, 3 50 

French and Ives's Stereotomy Svo, a 50 

Goodhue's Municipal Improvements i2mo, i 75 

Goodrich's Economic Disposal of Towns' Refuse Svo, 3 so 

Gore's Elements of Geodesy Svo, 2 50 

Hayford's Text-book of Geodetic Astronomy Svo, 3 00 

Hering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 50 

Howe's Retaining Walls for Earth i2mo, z 25 

Johnson's Theory and Practice of Surveying Small Svo, 4 00 

Statics by Algebraic and Graphic Methods Svo, a 00 
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Kitnted'sSewagt Disposal zamo, i as 

Laplace's Philosophical Essay on Probabilities. (Tmscott and Emory.) zamo, a oo 

Mahan's Treatise on CItU Engineering. (Z873.) (Wood.) Syo* 5 00 

* Descriptive Geometry 8yo» i se 

Merriman's Elements of Precise Surveying and Geodesy 8vo, a 50 

Elements of Sanitary Engineering 8vo, a 00 

Herriman and Brooks's Handbook for Surveyors z6mov morocco, a 00 

Rogenf s Plane Surveying 8vo, 3 50 

Ogden's Sewer Design. zamo» a 00 

Patton's Treatise on Civil Engineering 8vo half leather. 7 SO 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Rideal's Sewage and the Bacterial Purification of Sewage 8vo» 3 50 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, z 50 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, a 50 

Sondericker's Graphic Statics* witn Applications to Trusses. Beams, and 

Arches. 8vo, a 00 

* Trantwine's Civil Engineer's Pocket-book z6mo, morocco, 5 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 
Law of Operations Preliminary to Construction in Eni^neering and Archi- 
tecture. 8vo, 5 00 

Sheep, 5 50 

Law of Contracts 8vo, 3 00 

Warren's Stereotomy — ^Problems in Stone-cutting 8vo, a 50 

Webb's Problems in the Uee and Adjustqient of Engineering Instruments. 

z6mo, morocco, z 35 

* Wheeler's Elementary Course of Civil Engineering 8vo, 4 00 

Wilson's Topographic Surveying 8vo, 3 50 



BRIDGES AND ROOFS. 

BoUer's Practical Treatise on the Construction of Iron Highway Bridges. .8vo, a 00 

* Thames River Bridge 4to, paper, 5 00 

Burr's Course on the Stresses in Bridges and Roof Trusses, Arched Ribs, and 

Suspension Bridges 8vo, 3 50 

D« Bois's Mechanics of Engineering. VoL IL Small 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler's Coffer-dam Process for Piers 8vo, a 50 

Greene's Roof Trusses 8vo, z 35 

Bridge Trusses 8vo, 3 50 

Arches in Wood, Iron, and Stone 8vo, a 50 

Howe's Treatise on Arches 8vo, 4 00 

Design of Simple Roof-trusses in Wood and Steel 8vo, 2 00 

Johnson, Bryan, and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, zo 00 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

PartL — Stresses in Simple Trusses 8vo, 3 50 

Part n. — Graphic Statics 8vo, 3 50 

Part m.— Bridge Design. 4th Edition, Rewritten 8vo, 3 50 

Part IV. — Higher Stractures 8vo, 2 50 

Morison's Memphis Bridge 4to, 10 00 

Waddell's De Pontibus, a Pocket-book for Bridge Engineers. . . z6mo, morocco, 3 00 

Specifications for Steel Bridges lamo, z 35 

Wood's Treatise on the Theory of the Construction of Bridges and Roofs . 8vo, 3 00 
Wright's Designing of Draw-spans: 

Part I. — Plate-girder Draws 8vo, 3 50 

Part n. — Riveted-truss and Pin-connected Long-span Draws 8vo, 3 50 

Two parts in one volume Svo, 3 50 

e 



HnJEUlULICS. 

Baxin's Experiments upon the Contraction of the Liquid Vein Twming from an 

Orifice. (Trautwine.) 8vo, a oo 

BoTey*! Treatise on Hydraulics 8vo, 5 00 

Church's Mechanics of Engineering: 8yo, 6 00 

Diagrams of Mean Velocity of Water in Open Channels paper, z 50 

Coffin's Graphical Solution of Hydraulic Problems z6mo, morocco, 2 50 

Flather's Dynamometers, and the Measurement of Power lamo, 3 00 

Fotwell's Water-supply Engineering. 8vo, 4 00 

Frizell's Water-power. 8vo, 5 00 

Fuertes's Water and Public Health zamo, z 50 

Water-filtration Works lamo, 2 50 

Ganguillet and Sutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo, 4 00 

Hazen's Filtration of Public Water-supply 8vo, 3 00 

Hazlehurst's Towers and Tanks for Water-works 8vo, a 50 

Herschel's i zs Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, a 00 

Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point) 3d Edition, Rewritten 8vo, 4 00 

Merriman's Treatise on Hydraulics. 9th Edition, Rewritten 8vo, 5 00 

* Michie's Elements of Analytical Medianics 8vo« 4 00 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large 8vo, 5 00 

** Thomas and Watt's Improvement of Riyers. (Post., 44 c. additional), 4to, 6 00 

Tumeaure and RusseU's Public Water-supplies 8vo, 5 00 

Wegmann's Desism and Construction of Dams 4to, 5 00 

Water-supply of the City of New York from Z658 to'1895 4to, zo 00 

Weisbach's Hydraulics and Hydraulic Motors. (Du Bois.) 8vo, 5 00 

Wilson's Manual of Irrigation Engineering Small 8vo, 4 00 

WoUf s Windmill as a Prime Mover 8vo, 3 00 

Wood's Turbines 8vo, a 50 

Element! of Analytical Mechanics 8vo, 3 00 

MATERIALS OP ENGINEERING. 

Baker's Treatise on Masonry Construction 8vo, 5 00 

Roads and Pavements 8vo, 5 00 

Black's United States Public Works Oblong 4to, 5 00 

Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edi- 
tion, Rewritten 8vo, 7 50 

Byrne's Highway Construction 8vo, 5 00 

Inspection of the Materials and Workmanship Employed in Construction. 

z6mo, 3 00 

Church's Mechanics of Engineering 8vo, 6 00 

Du Bois's Mechanics of Engineering. VoL I Small 4to, 7 50 

Johnson's Materials of Construction Large 8vo, 6 00 

Keep's Cast Iron 8vo, a 50 

Lanza's Applied Mechanics. 8vo, 7 50 

liartens's Handbook on Testing Materials. (Henning.) a vols 8vo, 750 

Merrill's Stones for Building and Decoration 8vo» 5 00 

Merriman's Text-book on the Mechanics of Materials 8vo, 4 00 

Strength of Materials i2mo, x 00 

MetcalTs SteeL A Manual for Steel-users i2mo, 2 00 

Patton's Practical Treatise on Foundations. $yo, 5 qq 
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Rockwell's Roads and Payements in France ^zamo, ^ ss 

Smith's Materials of Machines zamo* z oo 

Snow's Principal Species of Wood 8vo, 3 50 

Spalding's Hydraulic Cement zamo, a 00 

Text-book on Roads and Pavements zamo> a 00 

Thurston's Materials of Engineering. 3 Parts 8vo, 8 00 

art L — ^Non-metallic Materials of Engineering and MetaUurgy 8yo, a 00 

Part n. — ^Iron and Steel 8yo, 3 50 

Part in. — A Treatise on Brasses* Bronzes, and Other Alloys and their 

Constituents 8yo, a 50 

Thurston's Text-book of the Materials of Construction 8yo, 5 00 

TiUson's Street Pavements and Paving Materials 8vo, 4 00 

Waddell's De Pontibus, (A Pocket-book for Bridge Engineers.) . . z6mo, mor., 3 00 

Specifications for Steel Bridges zamo, z as 

Wood's Treatise on the Resistance of Materials* and an Appendix on the Pres- 
ervation of Timber 8vo» a 00 

Elements of Analytical Mechanics 8vo, 3 00 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. . .8vo» 4 00 

RAILWAY ENGDTEERING. 

Andrews's Handbook for Street Railway Engineers. 3X5 inches, morocco, z as 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

Brooks's Handbook of Street Railroad Location z6mo. morocco, z 50 

Butts's Civil Engineer's Field-book z6mo, morocco, a 50 

Crandall's Transition Curve z6mo, morocco, z 50 

Railway and Other Earthwork Tables 8vo, z 50 

Dawson's "Engineering" and Electric Traction Pocket-book. z6mo, morocco, 5 00 

Dredge's History of the Pennsylvania Railroad: (Z879) Paper, 5 00 

^ Drinker's Tunneling, Explosive Compounds, and Rock Drills, 4to, half mor., as 00 

Fisher's Table of Cubic Yards Cardboard, as 

Godwin's Railroad Engineers* Field-book and Explorers' Guide z6mo, mor., a 50 

Howard's Transition Curve Field-book z6mo, morocco, i so 

Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8vo, z 00 

Molitor and Beard's Manual for Resident Engineers z6mo, z 00 

Nagle's Field Manual for Railroad Engineers z6mo morocco. 3 00 

Philbrick's Field Manual for Engineers z6mo, morocco, 3 00 

Searles's Field Engineering z6mo, morocco, 3 00 

Railroad SpiraL z6mo, morocco, z 50 

Taylor's Prismoidal Formulae and Earthwork 8vo, i so 

* Trautwine's Method of Calculating the Cubic Contents of Excavations and 

Embankments by the Aid of Diagrams. 8vo, a 00 

The Field Practice of {Laying Out Circular Curves for Railroads. 

zamo, morocco, a so 

Cross-section Sheet ^ Paper, as 

Webb's Railroad Construction, ad Edition, Rewritten z6mo. morocco, s 00 

Wellington's Economic Theory of the Location of Railways Small 8vo, 5 00 

DRAWING. 

Barr's Kinematics of Machinery 8vo, a so 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* " * " AbridgedEd 8vo, i so 

Coolidge's Manual of Drawing 8vo, paper, z 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers. (In press.) 

Durley's Kinematics of Machines 8vo, 4 00 
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mpf Text-book on Shades and Shadows, and Peispectir*. ...««•>•« 8vo, a oo 

Jamison's Elements of Mechanical Drawing, iln pre88m) 

iones's Machine Design: 

Part L — Kinematics of Machinery Sro, z 50 

Part n. — Form, Strength, and Proportions of Parts 8vo» 3 00 

MaeCord's Elements of Descriptive Geometr> . . 8yo» 3 00 

S^inematics; or. Practical Mechanism. • 8yo, 5 00 

Mechanical Drawing < • . . > 4to> 4 00 

Velocity Diagrams < Sto, z 50 

• Mahan's Descriptiye Geometry and Stone-cutting 8to, z 50 

Industrial Drawing. (Thompson.). 8vo, 3 50 

Reed's Topographical Dra^dng and Sketching 4to» 5 00 

Raid's Course in Mechanical Drawing 8vo» a 00 

Text-book of Mechanical Drawing and Elementary Machine Design . . 8vo. 3 00 

Robinson's Principles of Mechanism 8vo, 3 00 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, a 50 

Warren's Elements of Plane and Solid Free-hand Geometrical Drawing. . zamo, z 00 

Drafting Instruments and Operations zamo, z as 

M«"i T q1 of Elementary Projection Drawing. zamo, z 50 

Manual of Elementary Problems in the Linear Perspective of Form and B 

Shadow zamo, z 00 

Plane Problems in Elementary Geometry. zamo, z as 

Primary Geometry zamo, 75 

Elements of Descriptive Geometry, Shadows, and Perspective 8vo, 3 50 

General Problems of Shades and Shadows 8vo, 3 00 

Elements of Machine Construction and Drawing 8vo, 7 50 

Problems. Theorems, and Examples in Descriptive Creometrv 8vo, a 50 

Weisbach's Kinematics and the Power of Transmission, (Hennann and 

Klein.) 8vo, 5 00 

Whelpley's Practical Instruction in the Art of Letter Engraving zamo, a 00 

Wilson's Topographic Surveying 8vo, 3 50 

Free-hand Perspective 8vo, a 50 

Free-hand Lettering. 8vo. i 00 

Woolf's Elementary Course in Descriptive Creometry. Large 8vo. 3 00 

ELECTRICITY AND PHYSICS. 

Anthony and Brackett's Text-book of Physics. (Magie.) Small 8vo, 3 00 

Anthony's Lecture-notes on the Theory of Electrical Measurements zamo, z 00 

Benjamin's History of Electricity 8vo. 3 00 

Voltaic CelL 8vo, 3 00 

Classen's (Quantitative Chemical Analysis by Electrolysis. (Boltwood.). .8vo, 3 00 

Crehore and Squier's Polarizing Photo-chronograph 8vo« 3 00 

Dawson's "Engineering" and Electric Traction Pocket-book. . i6mo» morocco, 5 00 
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) , zamo,'f a 50 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00 

Flather's Dvnamometers, and the Measurement of Power zamo, 3 00 

Gilbert's De Magnete. (Mottelay.) 8vo, a 50 

Hanchett's Alternating Currents Explained. zamo, z 00 

H^ring's Ready Reference Tables (Conversion Factors) z6mo, morocco, a 50 

Holman's Precision of Measurements 8vo, a 00 

Telescopic Mirror-scale Method, Adjustments, and Tests.. ...Large 8vo, 75 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

Le ChateUer's High-temperature Measurements. (Boudouard — Burgess.) zamo, 3 00 

LSb's Electrolysis and Electrosynthesis of Organic Compounds. (Lorenz.) zamo. z 00 

^ Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and H. 8vo, each. 6 00 

• Michie. Elements of Wave Motion Relating to Sound and Light. 8vo, 4 00 
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Niaodeff Elementary TlMtiie on Electric Batteries. (Pishoack.! lamo, a 50 

^ Roienberg'B Electrical Engineering. (Haldane Gee — ^Kinzbnxnner.). . . .8vo, i 50 

Rjan, Norrit, and Hozie'i Electrical Machinery. VoL L 8vo, a 50 

Thnnton'f Stationary Steam-engines 8vo, a 50 

• Tillman's Elementary Lessons in Heat. Svo, x 90 

Tory and Pitcher's Msnnel of Laboratory Physics Small Bvo, a 00 

Ulke's Modern ElectrolytiG Copper Refining 8yo, 3 00 



LAW. 

* Daris's Elements of Law ' 8vo, 

* Treatise on the Military Law of United States 8vo, 

* Sheep, 

Msnnel for Coarts-martial z6mo, morocco. 

Wait's Engineering and Architectural Jurisprudence 8vo» 

Sheep, 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture Svo, 

Sheep, 

Law of Contracts 8vo, 

Winthrop's Abridgment of Military Law zamo, 

MANUFACTURES. 

Bemadou's Smokeless Powder — ^Nitro-cellulose and Theory of the Cellulose 

Molecule zamo, a 50 

BoUand's Iron Fotmder lamo, a 50 

" The Iron Founder," Supplement. lamo, a 50 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 

Practice of Moulding zamo, 3 00 

Bissler's Modem High Explosives 8vo, 4 00 

Bffront's Enzymes and their Applications. (Prescott ) 8vo, 3 00 

Fitzgerald's Boston Machinist i8mo, z 00 

Ford's Boiler Making for Boiler Makers z8mo, z 00 

Hopkins's Oil-chemists' Handbook 8vo, 3 00 

Keep's Cast Iron. 8to, a 50 

Leach's The Inspection and Analysis of Food with Special Reference to State 

ControL {In prepanUion,) 

Metcalf's SteeL A Manual for Steel-users zamo, a 00 

Metcalfe's Cost of Manufactures — And the Administration of Workshops, 

Public and Private 8vo, 5 00 

Meyer's Modern Locomotive Construction 4to, zo 00 

Morse's Calculations used in Cane-sugax Factories i6m0y morocco, i 50 

* Reisig's Guide to Piece-dyeing 8vo, 25 00 

Smith's Press-worldng of Metals 8vo, 3 00 

Spalding's Hydraulic Cement zamo, a 00 

Spencer's Handbook for Chemists of Beet-sugar Houses z6mo, morocco, 3 00 

Handbook tor sugar Manutacturers and their Chemists.. . z6mo» morocco, 2 00 
Thurston's Manual of Steam-boilers, their Designs, Construction and Opera- 
tion Bvo, 5 00 

* Walke's Lectures on Explosives 8vo, 4 00 

West's American Foundry Practice zamo, 2 50 

Moulder's Text-book zamo, a 50 

Wiechmann's Sugar Analirsis Small 8vo, a 50 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Woodbury's Fire Protection of Mills 8vo, a 50 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. . .8vo, 4 00 
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]£ATH£]£ATICS. 

Baker's Elliptic Functiont / Sto, i 50 

^ Bass's Elements of Differential Calculus zamo, 4 00 

BrigKs's Elements of Plane Analytic Oeometry zamo, z 00 

Compton's Manual of Logarithmic Computations zamo, z 50 

DaTis's Introduction to the Logic of Algebra 8vo, z 50 

^ Dickson's College Algebra Large zamo, z 50 

* Answers to Dickson's College Algebra 8vo, paper, 35 

^ Introduction to the Theory of Ai^ebraic Equations Large zamo, z as 

Halsted's Elements of Geometry 8vo, z 75 

Elementary Simthetic Geometry Bvo, z 50 

Rational Geometry .• lamo, z 75 

^ Johnson's Three-place Logarithmic Tables: Vest-pocket size paper, Z5 

zoo copies for 5 00 

^ Mounted on heavy cardboard, 8 X zo inches, 25 

zo copies for a 00 

Elementary Treatise on the Integral Calculus Small 8vo, z 50 

Curve Tracing in Cartesian Co-ordinates zamo, z 00 

Treatise on Ordinary and Partial Differential Equations Small 8vo, 3 50 

Theory of Errors and the Method of Least Squares zamo, i 50 

^ Theoretical Mechanics zamo, 3 00 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) zamo, a 00 

• Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

Trigonometry and Tables published separately Each, a 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, z 00 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman and Woodward's Higher Mathematics 8vo, 5 00 

Merriman's Method of Least Squares 8vo, a 00 

Rice and Johnson's Elementary Treatise on the Differential Calculus . Sm., 8vo, 3 00 

Differential and Integral Calculus, a vols, in one Gmall 8vo, a 50 

Sabin's Industrial and Artistic Technology of Paints and Varnish, (/n press.) 
Wood's Elements of Co-ordinate Geometry 8vo, a 00 

Trigonometry: Analytical, Plane, and Spherical zamo, z 00 

MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Baldwin's Steam Heating for Buildings zamo, 

Barr's Slinematics of Machinery 8vo, 

^ Bartlett's Mechanical Drawing 8vo, 

• " " " AbridgedEd 8vo. 

Benjamin's Wrinkles and Recipes zamo, 

Carpenter's Experimental Engineering 8vo, 

Heating and Ventilating Buildings 8vo, 

Cary's Smoke Suppression in Plants using Bituminous CoaL (/n prep- 
aration,) 

Clerk's Gas and Oil Engine Small 8vo, 

Coolidge's Manual of Drawing 8vo, paper, 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers. (In press.) 
Cromwell's Treatise on Toothed Gearing lamo. 

Treatise on Belts and Pulleys zamo, 

Durley's Kinematics of Machines 8vo, 

Flather's Dynamometers and the Measurement of Power zamo. 

Rope Driving zamo, 
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OUl's Oai and Fuel AnalyBii for Bngineen zamo, z as 

Hall's Car Lubrication lamo, i oo 

Bering's Ready Reference Tables (Conversion Factors) z6mo, morocco, 2 50 

Button's The Gas Engine 8vo, 5 00 

Jones's Machine Design: 

Part L — Kinematict of Iffachinery , 8vo, z 50 

Part n. — Form, Strength, and Proportions of Parts 8yo, 3 00 

lint's Mechanical Engineer's Pocket-book z6mo, morocco, 5 00 

Burr's Power and Power Transmission 8vo, 2 00 

MacCord's Kinematics; or, Practical Mechanism. 8vo, 5 00 

Mechanical Drawing 4to, 4 00 

Velocity Diagrams 8vo» z 50 

Mahan's Industrial Drawing. (Thompson.) 8yo, 3 50 

Poole's Calorific Power of Fuels; 8vo» 3 00 

Reid's Course in Mechanical Drawing 8vo. a 00 

Text-book of Mechanical Drawing and Elementary Machine Design . .8vo, 3 00 

Richards's Ck>mpre8sed Air Z2mo« z 50 

Robinson's Principles of Mechanism 8vo, 3 00 

Smith's Press-working of Metals 8to, 3 00 

Thurston's Treatise on Friction and Lost Work In Machinery and Mill 

Work 8vo, 3 «o 

Animal as a Machine and Prime Motor, and the Laws of Energetics. Z2mo, z o* 

Warren's Elements of Machine Construction and Drawing 870, 7 50 

Weisbach's Kinematics and the Power of Transmission. Berrmann — 

Klein.) 8vo, 5 00 

Machinery of Transmission and Governors. (Herrmann — Klein.). .8vo, 5 00 

HydrauLcs and Hydraulic Motors. (Du Bois.) 870, 5 00 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Turbines 8vo, 2 50 

MATERIALS OF ENGINEERING. 

Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Burr's Elasticity and Reiistance of the Materials of Engineering. 6th Edition, 

Reset 8vo, 7 50 

Church's Mechanics of Engineering : 8vot 6 00 

Johnson'9 Materials of Construction Large 8vo, 6 00 

Keep's Cast Iron 8vo, 2 50 

Lanza's Applied Mechanics 8vo, 7 50 

Martens's Bandbook on Testing Materials. (Benning.) 8vo, 7 50 

Merriman's Text-book on the Mechanics of Materials 8vo, 4 00 

Strength of Materials Z2mo, z 00 

Metcalf' s SteeL A Manual for Steel-users Z2mo. a 00 

3mith's Materials of Machines i2mo- z 00 

Thurston's Materials of Engineering 3 vols. , Svo, 8 00 

Part II. — Iron and Steel Svo, 3 50 

Part in. — A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo 2 50 

Text-book of the Materials of Construction 870, 5 00 

Wood's Treatise on the Resistance of Materials and an Appendix on the 

Preservation of Timber Svo, 2 00 

Elements of Analytical Mechanics Svo, 3 00 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and SteeL . .Svo, 4 00 

STEAM-ENGINES AND BOILERS. 

Camof 8 Reflections on the Motive Power of Beat. (Thurston.) z2mo, x 50 

VawKUi's "Engineerins^' and Electric Trac^on. ¥oc>&!e\.-\M>o\L. .\^tcl<c^« xcxnt.^ «» c<^ 

/kj«f'* Bolter JMkking: for Boiler Makers "»»«»> -s- ^ 

1^ 



Gom'b LocomotiTe Sjiarks ^ 8to, a oo 

Hemenway's Indicator Practice and Steam-engine Economy z2mo, a oo 

Hntton'i ICechankal Engineering of Power Plants 8vo, 5 00 

Heat and Heat-engines 8vo, 5 00 

Kenfs Steam-boiler Economy 8vo, 4 00 

Kneass's Practice and Theory of the Injector 8vo x 50 

IfacCord's Slide-valves 8vo, a 00 

Meyer's Modem Locomotive Construction 4to, zo 00 

Paabody's Manual of the Steam-engine Indicator zamo, z so 

Tables of the Properties of Saturated Steam and Other Vapors 8vo, z 00 

Thermodynamics of the Steam-engine and Other Heat-engines 8vo, 5 00 

Vahre-geais for Steam-engines 8vo, a 50 

Peabody and Miller's Steam-boilers 8vo, 4 00 

Fray's Twenty Years with the Indicator Large 8vo, a 50 

Pupln's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.). zamo, z as 

Reagan's Locomotives : Simple, Compound, and Electric zamo, a 50 

Rontgen's Principles of Thermodynamics. (Du Bois.) 8vo, 5 00 

Sinclair's Locomotive Engine Rnxming and Management zamo, a 00 

Smart's Handbook of Engineering Laboratory Practice zamo» a 50 

Snow's Steam-boiler Practice 8vo, 3 00 

Spangler's Valve-gears 8vo, a 50 

Notes on Thermodynamics zamo, z 00 

Spangler, Oreene, and Marshall's Elements of Steam-engineering 8vo, 3 00 

Thurston's Handy Tables 8vo, z 50 

Manual of the Steam-engine «.. a vols., 8vo, zo 00 

Part L — History. Structuce, and Theory 8vo, 6 00 

Part n. — Design, Construction, and Operation 8vo, 6 00 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 

the Prony Brake 8vo 5 00 

Stationary Steam-engines 8vo, a 50 

Steam-boiler Explosions in Theory and in Practice zamo z 50 

Manual of Steam-boiler? , Their Designs, Construction, and Operation . 8vo, 5 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 00 

Whitham's Steam-engine Design 8vo, 5 00 

Wilson's Treatise on Steam-boilers. (Flather.) z6mo, a 50 

Wood's Thermodynamics Heat Motors, and Refrigerating Machines. . . .8vo, 4 00 



MECHANICS AND MACHINERY. 



Barr's Elinematics of Machinery 8vo, 2 50 

Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Chase's The Art of Pattern-making zamo. 2 50 

ChordaL — Extracts from Letters i2mo, 2 00 

Church's Mechanics of Engineering Svo, 6 00 

Notes and Examples in Mechanics Svo, 2 00 

Compton's First Lessons in Metal-working Z2mo, z 50 

Compton and De Groodt's The Speed Lathe Z2mo, z 50 

Cromwell's Treatise on Toothed Gearing Z2mo, z 50 

Treatise on Belts and Pulleys zamo, z 50 

Dana's Text-book of Elementary Mechanics for the Use of Colleges and 

Schools zamo, z 50 

Dingey's Machinery Pattern Making zamo, a 00 

Dredge's Record of the Transportation Ex\ivU\a B>a&\i^x^ ^1 ^3^^!^ "^^xV^^ 

Columbian Exposition of iSgi \\ft^>MbM \s^^xw«5i^ 'e^ ^a^ 



Du Bo's's Elementary Principles of Mechanics: 

VoL I. — Kinematics 8yo> 3 50 

Vol n. — Statics 8vo, 4 00 

Vol. III. — Kinetics 8vo, 3 50 

Mechanics of Engineering. VoL I Small 4to, 7 50 

VoL n. Small 4to, xo 00 

Durley's Kinematics of Machines Bvo, 4 00 

Fitzgerald's Boston Machinist i6mo, z 00 

Flather's Dynamometers, and the Measurement of Power ; . lamo, 3 00 

Rope Driving zamo, a 00 

Goss's Locomotive Sparks 8vo a 00 

Haul's Car Lubrication lamo 

Holly's Art ol Saw Filing z8mo 

* Johnson's Theoretical Mechanics zamo 

Statics by Graphic and Algebraic Methods 8yo 

Jones's Machine Design: 

Part I. — Kinematics of Machinery 8vo 

Part n. — Form, Strength, and Proportions of Parts Svo 

Kerr's Power and Power Transmission 8yo 

Lanza's Applied Mechanics Svo 

MacCord's Kinematics; or, Practical Mechanism. . . . « 8vo 

Velocity Diagrams 8vo 

Maurer's Technical Mechanics. 8vo 

Merriman's Text-book on the Mechanics of Materials 8vo 

* Michie's Elements of Analytical Mechanics Bvo 

Reagan's Locomotives: Simple, Compound* and Electric zamo 

Reid's Course in Mechanical Drawing 8vo 

Text-book of Mechanical Drawing and Elementary Machine Design. .8vo 

Richards's Compressed Air zamo 

Robinson's Principles of Mechanism 8vo 

Ryan, Norris, and Hoxie's Electrical Machinery. VoL 1 8vo 

Sinclair's Locomotive-engine Running and Management lamo 

Smith's Press-working of Metals 8vo 

Materials of Machines zamo 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 
Work 8vo 

Animal as a Machine and Prime Motor, and the Laws of Energetics, zamo 

Warren's Elements of Machine Construction and Drawing 8vo 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 



z 00 

75 
3 00 
a 00 

I so 

3 00 
a 00 
7 50 
5 00 
X 90 

4 00 
4 00 

4 00 
a 50 
a 00 
3 00 
X 50 
3 00 
a 50 
a 00 
3 00 
X 00 
3 00 

3 00 
X 00 
7 50 

5 00 
5 00 
3 00 
X as 

a so 
X 00 



Klein.) 8vo 

Machinery of Transmission and Governors. (Herrmann — S[lein.).8vo 

Wood's Elements of Analytical Mechanics 8vo 

Principles of Elementary Mechanics zamo 

Turbines « 8vo 

The World's Columbian Exposition of Z893 4to 

METALLURGY. 

Egleston's Metallurgy of Silver, Gold, and Mercury: 

VoL I. — Silver 8vo, 7 so 

VoL n. — Gold and Mercury 8vo, 7 so 

** Ues's Lead-smelting. (Postage 9 cents additionaL) zamo, a 50 

Keep's Cast Iron 8vo, a so 

Kunhardt's Practice of Ore Dressing in Europe 8vo, z so 

XtfClz^fel/er'sH^h-temperature Measurements. CBoudouard — Burgess.) . zamo, 3 00 

JfetcaJf's SteeL A JUanual for Steel-users i.aT&a« *& «wk 

Smith '8 Ma terUUa of JIfachines '*''*'^^ % x ^ 
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